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1.0 INTRODUCTION

This report documents an effort to mathematically model the aerodynamics involved
in the unsteady process of starting a Ludwieg Tube wind tunnel. In essence, the model
represents the end product of many people assimilating a large amount of experimental
data obtained from a transonic Ludwieg tube facility and, thus, depends on several
experimentally derived parameters and assumptions. The wind tunnel configuration studied
here consists of a very long, circular supply tube which contracts to a rectangular,
porous-walled test section. The test section expands through a diffuser into a valve
manifold. Surrounding the test section is a plenum chamber with exhaust valves which
can be controlled independently of the main valves. In addition, the plenum contains
a set of ejector flaps which allow the plenum to exhaust itself into the diffuser.

When one considers that larger scale transonic Ludwieg tube facilities would have a
price of order $10,000,000 and would produce a usable run time of only a few seconds
per run, it is clear that considerable effort must be concentrated to ensure that the
tunnel can be started rapidly under a wide range of operating conditions. A laboratory
scale pilot facility (Ref. 1) (known as "Pilot HIRT") at Arnold Engineering Development
Center provides an experimental vehicle to measure the effects of many of the important
parameters in the tunnel starting process and to provide basic experimental data for
verification of math models.

To clarify the need for a mathematical model of starting such a device, a brief
explanation of the tunnel operation is required. Prior to a run, the tunnel is pumped
to the desired charge pressure and temperature. A tunnel run is initiated by first opening
the main valves downstream of the diffuser. This opening process sends unsteady expansion
waves up the tunnel to the supply tube. Were it not for the plenum, the flow in the
test section would become steady soon after the trailing edge of the unsteady wave from
the valve, initiated by the valve area becoming steady, passed the test section into the
supply tube. The test section flow cannot become steady until the plenum volume has
been exhausted to the point where the summation of mass flow across the porous wall,
through the flaps, and out the plenum exhaust (dumped to atmosphere) becomes zero
and allows the plenum pressure to become steady. Since current state-of-the-art
fast-opening valves easily reach the required flow area in advance of the :
steady, the plenum is the primary limitation upon how quickly the tun
and steady flow established in the test section.

plenum becoming
nel can be started

The present model assumes that the unsteady expansion wave emanating from the
main valves propagates instantaneously to all parts of the wind tunnel and that property
variation within the wave at any location in the diffuser, test section, nozzle, or supply
tube is totally controlled by the area-time curve of the main valve. While partially retaining
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the effect of the unsteady wave, this assumption allows use of the steady continuity
equation in the test section coupled with the well-known exact solution for
one-dimensional, variable area, isentropic flow (Ref. 2). Use of these equations at any
instant requires a knowledge of stagnation conditions driving the flow, which vary through
the nonisentropic expansion wave. Variation of the stagnation properties is computed via
the exact solution for a one-dimensional unsteady wave in a variable area duct (Ref. 3).
The unsteadiness of the plenum is handled via the unsteady continuity equation by equating
the rate of mass accumulation in the plenum to the summation of all the flow rates
entering and leaving the plenum. The air in the plenum is assumed to be a calorically
perfect gas and its temperature is assumed either isentropic or equal to the stagnation
temperature of the flow in the test section (whichever is greater), an experimentally based
assumption. The main valves are treated as one-dimensional sonic orifices driven by the
stagnation pressure and temperature of the unsteady wave. The plenum exhaust valves
are handled similarly by assuming that the flow in the plenum is stagnant. Flow through
the ejector flaps and across the porous wall is computed via an adaptation of the work
of Ref. 4, which empirically corrected the flow rates with the pressure drops across these
devices.

In the discussion which follows, the mathematical model will first be presented,
including a more detailed description of the physical situation, the assumptions underlying
the model, the mathematical formulation, and the solution procedure. Next, the model
will be compared with a sample of experimental data from the Pilot HIRT facility. The
appendixes contain some of the mathematical details and a brief user's manual for the
computer program.

2.0 THE MATHEMATICAL MODEL
2.1 DESCRIPTION OF THE PHYSICAL SITUATION TO BE MODELED

All of the essential features of the proposed HIRT facility which are to be modeled
are given in Fig. 1. The overall length of the facility is 1,880 ft, and the supply tube
has an inside diameter of 15 ft. The main valve system consists of a number of fast-acting
valves, and the plenum exhaust also requires a multiple valve system. The pilot facility
provides a precisely scaled (1/13) flow envelope but has a single sliding sleeve valve in
place of the valve manifold of the fullscale tunnel and a single plenum exhaust valve
fed by multiple tubes from the plenum.

A tunnel run is initiated by opening the main valves and possibly the plenum valves,
not necessarily together or in the same length of time. Both sets of valves send nonisentropic
expansion waves throughout the tunnel and primarily up the charge tube. The main valve
system produces the steepest (or strongest) wave because it handles a much greater portion
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Main Valves Plenum Exhaust Valves
./
Plenum L_’_" )
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Manifold Diffuser Section Nozzle Tube
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# \—— Porous Test Section Walls

Ejector Flaps

Figure 1. Major components of the High Reynolds Number Wind Tunnel.

of the flow rate than the plenum exhaust. At any point in the supply tube, the gas remains
totally stagnant until the first expansion wave reaches that point; and the flow at that
point does not become steady until the last expansion wave passes the point. The main
valve system sends out its last expansion wave when the flow area becomes constant.
The plenum also continues to send out expansion (and sometimes compression) waves
until the plenum pressure becomes steady. But the plenum does not become steady until
the sum of all the flows into and out of it are zero (Fig. 2), and it invariably controls
the start time of the tunnel. Since the main valves are much faster than the plenum
response, the pressure in the test section drops rapidly below the plenum pressure, causing
mass flow to enter the test section from the plenum. As the plenum gradually catches
up to the test section, the wall crossflow {across the porous test section wall) gradually
decreases and, in some cases, reverses. This process, coupled with the increasing main valve
area, gradually increases the flow rate drawn from the supply tube. However, the flow
rate from the tube may continue to increase only until the nozzle exit becomes choked,
after which the supply tube flow becomes steady since the choke point will no longer
pass additional expansion or compression waves (unless the compression wave is strong
enough to unchoke the nozzle). Whether the nozzle eventually chokes and whether the
test section eventually steadies out to supersonic or subsonic flow depends on the relative
flow areas of the main valves, the plenum exhaust valves, and the test section, the direction
of the flap and wall crossflows, and how the various steady conditions are approached
in time relative to each other. Subsonic and very slightly supersonic test section Mach
numbers can be obtained without steady-state plenum exhaust, though the plenum exhaust
may be opened temporarily and then closed in order to reduce the starting time. For
subsonic flows, the steady main valve area - in terms of the ideal, one-dimensional area
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at the choke point - must be as much less than the nozzle area (where the nozzle meets
the entrance to the test section) as is dictated by the steady test section Mach number
to be attained (neglecting diffuser losses). A slightly supersonic test section can be obtained
with a steady main valve area greater than or equal to the nozzle area if the flaps and
porosity are set properly, giving a flow situation as follows: with the nozzle choked and
the plenum steadied at a pressure very near the static test section pressure such that the
static pressure and dynamic heads of the main flow force a small crossflow into the plenum,
the net test section flow decreases from the choked flow rate at the nozzle. The slightly
subcritical flow rate leaving the test section thus produces a slightly supersonic condition,
resulting in a favorable pressure gradient for the plenum to exhaust its incoming crossflow
out the flaps and hence become steady. Normally, however, supersonic conditions (up
to Mach 1.3 in the pilot) are obtained by having the plenum exhaust area become steady
at a flow area sufficient to pass all of the mass flow rate entering the plenum via wall
crossflow and sometimes via reverse flap flow.

Plenum Control Volume

Test Section Control Volume

Diffuser-Valve Manifold

Control Volume —\
oty \ =

e

i I S Pety Tety Pot,
(Stagnation Conditions)

——Peo, Teo' Pe, (Stagnation Conditions)
Figure 2. Schematic illustration of the flow process during start.
To understand the flow in terms of the mathematical model, the various flow

configurations might be best thought of in terms of the steady energy equation relating
the local pressure to the mass flux (Fig. 3). Subsonic flows fall on the branch to the

10
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right of the choke point, supersonic flows to the left. In general, all points in the tunnel
are initially at point A, which corresponds to no flow. Higher flow rates with
correspondingly lower static pressures are illustrated by movement from point A to B

Choke Point
C

L0 s |
‘E u
£ D [
o3 |

= | B
- [
a |
= !
= |
K= |

é Supersonic { Subsonic
g |
S I
0 | .
o 1.0 Po /P

Nondimensional Pressure, P/P”

Figure 3. Qualitative plot of the energy equation.

on the energy equation. Flows which become subsonically steady would halt to the right
of C; while for supersonic flows, some portions of the tunnel would proceed beyond
C to D. If the energy dome is then plotted versus axial position in the test section as
shown in Figs. 4, 5, and 6, the importance of the wall crossflow and the relative timewise
approach of various components to their steady conditions may be made clearer. For
a normal subsonic run, Fig. 4 shows the energy dome at the entrance and exit of the
test section. The constant time contours are shown as straight lines for purposes of
illustration, though in reality they would have to be nonlinear to some degree in order
for all points on the contour to fall on the surface of the dome cylinder and because
the wall crossflow does not necessarily vary linearly along the test section. As the flow
begins, the constant time contours do not remain parallel because the flow rate leaving
the test section will not balance that at the entrance, the difference being the wall crossflow.
For the most probable case of the plenum lagging the test section pressure, the crossflow
will be into the test section, giving a greater flow rate at the exit than at the entrance.
As time proceeds, however, the plenum pressure eventually catches up to the test section
so that the contours do become nearly straight and parallel as the crossflow becomes
insignificant. This process assumes that the plenum exhaust, if opened, is eventually closed.

11
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Figure 4. Energy dome versus position in test section for
normal subsonic flow.
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Figure 5. Energy dome versus position in test section for
normal supersonic flow.
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If the plenum exhaust is not closed and the steady main valve area is sufficiently large,
the supersonic case of Fig. 5 may result. The initial constant time contours are similar
to the subsonic case. However, the origins of the contours at the entrance eventually
stop at the peak of the dome while at the exit they proceed over the choke point downward
on the supersonic branch as the crossflow reverses from entering to leaving the test section.
The contours, however well approximated by straight lines in the subsonic case, become
significantly nonlinear for the higher supersonic Mach numbers, as illustrated by the dotted
"real nonlinear steady contour" in Fig. 5. This results from a combination of the nonlinear
variation of the wall crossflow and boundary layer growth. These nonlinear effects, though
certainly present in the subsonic case, are more pronounced in the supersonic case because
the pressure at the nozzle must remain unchanged at the choke value while the pressure
at the exit varies significantly with the exit Mach number.

Actual Condition

Desired Condition

Steady, SubsonicFlow £ /%/

>
\
\
\
\

ot
=]

Nondimensional Mass Flux, m/m

Entrance
[ /D

0 1.0
Nondimensional Pressure, P/P”

Figure 6. Energy dome versus position in test section for
subsonic flow with choked nozzle.

The slopes of the constant time contours in Figs. 4 and 5 depend on the magnitude
of the wall crossflow, which in turn depends partially on the pressure difference between
the plenum and the test section. Since the timewise variation of the plenum pressure
can be controlled by controlling the flow area-time curve of the plenum exhaust valves,

13
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it appears that the shortest starting time for the tunnel would be obtained by controlling
the plenum pressure to precisely follow the test section pressure so that the plenum would
reach its steady conditions simultaneously with the main valve system. This would result
in the constant time contours remaining parallel right up to their final position, or up
to the choke point for a supersonic run. In Fig. 6, the plenum is exhausted fast enough
so that the wall crossflow is always out of the test section, resulting in less flow rate
leaving the exit of the test section than entering. Thus, the constant time contour at
the entrance dome reaches its peak while the point on the exit dome is forced by the
plenum exhaust to become steady before reaching the peak though the desired steady
condition lies on the other side of the dome and cannot be reached. Hence, it appears
that the manner in which the various portions of the tunnel approach their steady
conditions in time relative to each other can affect the final outcome of a run.

The foregoing discussion of the test section flow in terms of the energy domes serves
as an introduction to one of the key elements of the mathematical model, namely, the
steady energy equation in an unsteady environment. The domes also provide graphic
visualization for the flow process.

2.2 GOAL OF THE MODELING

The purpose of this mathematical model is to study the starting process, controlled
by the plenum, in order to size the plenum exhaust system; determine the effect upon
start time of the interaction of the area-time curves of the main valves, flaps, and plenum
exhaust; and, in general, to provide the essential information necessary for trading off
facility cost and start time. To provide this information, the model must accept the
following input data. The gross level mass flow rate depends upon the cross-sectional
area of the supply tube and nozzle exit. The geometric factor, on which the wall crossflow
primarily depends, is the porosity, the fraction of the total surface area of the test section
walls drilled out to allow flow between the test section and plenum. Thus, the dimensions
of the test sections and porosity must be provided along with the experimentally derived
coefficients for the flow model. A key design parameter having first-order impact on the
start time is the plenum volume ratioed to the test section volume. The area-time curves
of the main valves, plenum exhaust valves, and the flaps are required along with the
experimental coefficients for the flap flow model. Finally, the characteristics of the gas
must be provided in terms of the ideal gas constant and the specific heat ratio.

This input to the model is then used to compute the following data concerning the
flow. As functions of time the static and stagnation properities - pressure, density, and
temperature - along with mass flow rate and Mach number are computed for three stations

along the tunnel circuit: the supply tube at the nozzle entrance, the test section entrance,

14
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and the test section exit. The plenum properties along with the mass flux through the
porous wall, flaps, plenum exhaust, and main valves are computed as functions of time.

There are many other considerations, neglected herein, which might be of interest
for other applications. One of the most important is the boundary layer, whose growth
on the walls of the supply tube and test section varies with time. This unsteadiness occurs
because at any given station along the tunnel, the particles of air passing that station
at succeeding times into the run have travelled over successively longer lengths of tube
from their starting points. If the effect of the boundary-layer growth on the focal mass
flow rate is thought of in terms changing the effective flow area, one might suspect that
the test section would never become steady. In reality, however, the boundary-layer growth,
sufficiently late in the starting process, varies with approximately the same proportion
in the nozzle and test section so that, though the effective flow areas may be varying,
the area ratios (A/A*) are not. As experimentally documented in Refs. 1 and 35, this
results in essentially constant Mach number once the plenum has become steady, thus
justifying the neglect of the boundary layer herein.

Neglect of the boundary layer means that no prediction is made of property variation
over the cross section of the flow area. Similarly, detailed variation of properties along
the length of the test section is not predicted. Such information would be useful for
studying wall loading or flow uniformity but is of secondary importance for present
purposes. Very severe nonuniformity occurs in the diffuser section (connecting the test
section and main valve manifold), which has been subjected to a detailed experimental
study in Ref. 4. The complexity of the diffuser flow results from a combination of effects:
shock waves, flow separation, flap exhaust, and the presence of the model or probe support
sector. The performance of the diffuser is important because of its effect on the noise
environment in subsonic flow in the test section and because its stagnation losses
significantly impact the sizing of the real flow area of the main valve system. However,
for purposes of the starting model, diffuser losses may be neglected if the main valve
area is assumed to be the ideal, one-dimensional flow area needed to pass a given mass

flow rate for a given set of driving stagnation conditions as determined from wave
mechanics.

Three additional effects neglected herein deserve mention. First, wave spreading is
neglected. This phenomenon is due to the difference in propagation speed between the
leading and trailing edges of the unsteady wave. Since the wave propagation speed (equal
to the local speed of sound minus the local velocity) is less for the trailing edge than
the leading edge, the time delay between a change in main valve area and the sensing
of this change in the supply tube is greater for the last area change than the first. In
fact, this delay is different for each position along the tunnel. However, over the greatest

15
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distance of importance in the pilot facility, this difference in delay is less than 0.5 msec
and is neglected in the model. Besides wave spreading, the model also neglects the finite
time required for a disturbance to travel from one point to another. Such a consideration
is important for determining the relative times for first motion of main valves and plenum
exhaust valves; but for purposes of the starting model, the tunnel components determining
start time - plenum, test section, and supply tube exit - are sufficiently close together
that the propagation times (on the order of one millisecond in the pilot) are small compared
with the starting time under study. However, neglect of the propagation time and wave
spreading should not be construed to mean that the finite wave width is neglected. This
width, or time difference between passage of a given point of the leading and trailing
edges of the wave, depends primarily on the opening time of the valve but is also increased
by the nonideal flow processes in the diffuser. Such effects are accounted for herein by
correction of the area-time curve of the main valve. A final additional effect, accounted
for empirically but not modeled in detail, is the nonisentropicity of the thermodynamics
of the plenum. It has been experimentally observed that the temperature in the plenum
approximates an isentropic process only during the initial portion of the starting process,
but over the entire start time for the tunnel, the asymptotic plenum temperature is much
closer to the stagnation temperature in the test section than that for a completely isentropic
expansion. A good model of this process would have to include the mixing of the virgin
plenum air with that entering from the test section as well as account for the heat transfer
from the walls of the plenum. This possible refinement to the present model is not yet
included.

23 FORMAL ASSUMPTIONS

Before proceeding to the equations comprising the mathematical model, the following
list of assumptions should be reviewed:

a. Flow across all control volume surfaces is one dimensional.
b.  The fluid is assumed to be a calorically perfect gas (constant specific heats).

c. Flow within the envelope comprised of the supply tube, test section, and
main valves is inviscid, adiabatic, and irrotational except as accounted for
by the unsteady wave equations.

d. Within this envelope and at a constant time, property variation from point
to point is isentropic. Entropy variation with time is governed by the wave
equations. Thus, at any given instant, the one-dimensional, variable area,
isentropic equations of gas dynamics (Ref. 2) are applicable.
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e. Wave propagation time and wave spreading are zero. This justifies the steady
assumption needed to invoke the equations of Ref. 2.

24 MATHEMATICAL FORMULATION

The set of equations comprising the model naturally divides into two groups, one
for subsonic flow and one for supersonic flow. Since the set of equations for supersonic
flow is nearly an exact subset of the subsonic case, the latter will be presented first,
followed by a discussion of the changes needed for supersonic flow. The subsonic model
is in the form of 19 algebraic equations, not necessarily linear, involving 19 unknowns.
This systern of equations must be solved numerically at successive points in time until
all properties have approached their asymptotic values. The solution at any time t depends
entirely on the property values obtained for the solution at t - At, a short time earlier,
as well as the given valve area-time curves, which may be thought of as forcing functions.
Quantities which vary between t - At and t are usually evaluated at an intermediate time
t* such that (t - At) < t* <t. The time t* is usually taken as the midpoint of the
time interval.

The model is based on mass conservation for three control volumes as illustrated
in Fig. 2. Conservation of mass for the plenum is derived from the unsteady integral
continuity equation for a control volume to give

Pp(t) _ Pp(t - AD + [rhpt(t*) + Ihpe(t*) + rhf(t*)]%*; (1)

Here pp, is the mass density in the plenum, assumed uniform throughout, and V, is the
volume of the plenum. The quantities mp¢(t*), mpe(t*), and me(t*) represent, respectively,
the mass flow rates between the plenum and test section (pt), out the plenum exhaust
(pe), and through the flaps (f). The formal continuity equation can not be precisely
integrated because the dependence of the mass flow rates on t or pp can not be written
in simple closed form. However, the law of the mean provides that pp(t) may still be
precisely computed if the flow rates are treated as constant but evaluated at a suitable
intermediate point t*. If At is now chosen sufficiently small so that the flow rates may
be suitably approximated by linear functions of time, t* can obviously be chosen as t
- 1/2At, the midpoint. For the other two control volumes in Fig. 2, the steady continuity
equation is used, having been justified by assumption (e) of the last section. By noting
that Eq. (1) assumes the flap and wall crossflows are positive when flow is into the plenum,
continuity for the test section becomes

g () = (8 4y (1) )
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and for the diffuser-valve manifold control volume
mg(t*) = m (1¥) + m{t*) 3)

The three new mass flow rates introduced here are, in terms of the subscripts, that leaving
the supply tube (ct, for charge tube, as it is often called), the primary tunnel exit (e)
provided by the main valves, and the diffuser-end (d) of the test section. It should be
noted from Fig. 2 that mq corresponds to a point upstream of where the flap flow enters
the main stream.

Proceeding next to model each of these six mass flow rates, consider first the flow
through the plenum exhaust and the main valves, which are both treated as single
one-dimensional sonic orifices driven by the stagnation conditions.

P, () A (1%)

. ®) _ o 4
me(t) a ——\/—_—Te ) ( )
s}
P_(t*)A__(t*)
R e — (5)
VT,0%)

In Eq. (4), Pe, and T,  are the stagnation pressure and temperature in the valve manifold;
and in Eq. (5), P, and T, are the pressure and temperature in the plenum, approximated
as stagnant. The quantities A, and Ape are the total flow areas of the main valves and
plenum exhaust valves. These areas are assumed to be the ideal, one-dimensional flow
areas of a somic orifice. If the real valve areas are used, discharge coefficients must be
included in Eqgs. (4) and (5). The constant a is given by

‘" <y+ 1>V”1 0 ©

where R is the ideal gas constant and +y is the ratio of the specific heats.

Consider next the flap and wall crossflows, which have been neatly modeled by Varner
(Ref. 2) as simply proportional to the pressure drop across the devices. With a second
order adaptation added here, Varner's model takes the following form

A -
My () = = = [P (%) ~ Ajg P ()] 7
. Aft%) g
mf(t*) = - k{ [Pp(t*) - A16 Pd(t*)] ( )
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Here A, and A; are the effective flow areas through the porous wall and through the
flaps. While A is the actual geometric area, Ay, depends on the total surface area of
the test section walls (Aisyw), the porosity (r), and a flow coefficient. Varner gives this
relationship as

A, =017 A _, (9)
The flow coefficients ky and k¢ were determined by Varner from experimental data from
Pilot HIRT and are given in Fig. 7. The values of ky in Fig. 7 are for the porosity
shown in Fig. 8. The coefficients! A;s and A;g¢ multiplying, respectively, the mean test
section pressure P; and the diffuser end test section pressure Py were added in an effort
to improve the accuracy of the asymptotic values of the numerical solution. The rationale
for each of these constants is different. Rigorous modeling of the crossflow must include
not only the effect of pressure forces but also the momentum of the fluid as it moves
along the test section wall. The coefficient A{s thus represents an attempt to include
momentum effects as a small correction to the existing crossflow model. Experimental
evidence from the pilot facility indicates that this small momentum effect can make the
difference between choking and not choking when the desired steady conditions are very
near sonic flow. In particular, it has been observed that during supersonic flow, where
the net crossflow must be from the test section to the plenum, the test section pressure
is actually slightly less than the plenum pressure.

500 - 500 -
400 - 400
2 O O ) |
3 300 @ 300
= \\\0 e
S 2 (Ref. 4) & A0
100 100 |- (Ref. 4)
B 0 | ! { [ Lo
0 2 4 6 8 10 0 01 02 03 04 05
T Af/AtS
a. Porous wall flow coefficient b. Ejecior flap flow coefficient
versus porosity (7) versus area ratio (A;/A;)

Figure 7. Porous wall and flap flow coefficients.

1The subscripts 15, 16, and 17 have no significance beyond consistency with variable names in
the computer program.
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Figure 8. Wall porosity in Pilot HIRT.

This has been attributed to the fluid momentum in the test section overcoming the slightly
adverse pressure gradient. The other constant, A; ¢ in the flap model, was added to account
for -some of the losses in the upstream portion of the diffuser. Unfortunately, both of these
constants were found to be functions of the test section Mach number, thus indicating the
need for more accurate modeling.

The mean test section pressure P; in Eq. (7) is computed from a weighted average
of the pressure at the nozzle-end of the test section P, and at the diffuser end P4. That
is,

P(t9) = (1 ~ A )P (%) + AP (t%) (10)

where 0 < Aj7 < 1. Since a detailed model of axial property variation in the test section
has not yet been included in the start model, properties are computed only at the nozzle
and diffuser ends of the test section. For subsonic flows, the value of Aj7 was not found
critical to the accuracy of the solution and was thus taken as 0.5, assuming a linear
variation. For supersonic flow, a value of 0.9 was used to account for the more pronounced
axial gradients.

The remaining two mass flow rates (m¢¢ and mgq) may be related to pressures already
introduced above using the steady energy equation discussed earlier and shown in Fig.
3. At the diffuser end of the test section, the energy equation is

2 y+l

nadm)]? o \[rymy Py y
ST BT i | ) I OO an

20



AEDC-TR-76-39

where as before the subscript "ct" refers to the charge tube and the subscript "o" indicates
stagnation properties. The quantiy m, is defined as

[ Pct ()
mo( ) R \/Tct (t*) ts ( )

where Ay is the cross-sectional area of the test section. The stagnation properties (Pct,
and T, ) are thought of as originating from the unsteady wave when it reaches the charge
tube and are assumed the same, for any given time, throughout all of the flow envelope
except the plenum. At the nozzle end of the test section, the flow rate is equal to that
in the charge tube, since its value has not yet been modified by any wall crossflow. At
this station, the energy equation is, therefore,

2 r+l
. 9 /
ﬂ.lct(l*) e P ()] ) P ()] ? (13)
o) y—1 Pcto(t*) Pcto(t*)
To complete the portion of the model not arising from the unsteady wave, the
thermodynamic equations of state for the plenum are needed. To compute the properties

at t* for use in Egs. (5), (7), and (8) while Eq. (1) gives the density at t, the density
at t* is computed from

pp1¥) = 1/2[pp(t) + pp(t - Av)] (14)

The plenum temperature is assumed equal to the greater of the isentropic temperature
and the stagnation temperature in the test section.

That is,

* T (t* At) pP(t*) vl *
B B R0 (1)
In either event, the pressure may then be obtained from the perfect gas law:
Pp(t*) = pp(t*)RTp(t*) (16)

Closing the system of equations presented so far requires relationships for how the
stagnation properties vary in time. A careful accounting of the number of equations and
the number of unknowns to this point would reveal that, given values of P, o and Tey

and assuming P, = Pct, and Teo = Tcto (which is what is done for the subsonic case),
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it is possible to compute the value of mc¢. This value of the flow rate from the charge
tube represents that required by the sum total of all the expansion waves which at a
given time have reached the charge tube from all parts of the tunnel. That is, mc; identifies
an intermediate point within the entire unsteady wave, which begins with the first motion
of a valve somewhere in the tunnel and ends when the plenum reaches its asymptotic
pressure. Thus, m¢; may be used to compute all other stagnation properties for that point
in the unsteady wave. By using the equations of Ref. 3 and after some algebra, the charge
tube Mach number at the desired point in the wave may be related to mq¢ by the equation:

ot

) = M) L2 ) s (17)

2

where m. is defined from

P

oo [ —= A (18)

m =

c R oyT, ©
Here A.; is the cross-sectional area of the charge tube, and P, and T, are the charge
conditions, that is, the air pressure and temperature after the tunnel has been pumped
up but before any valves are opened. These charge conditions are assumed to apply
uniformly throughout the envelope, including the plenum. After obtaining the charge tube

Mach number, the stagnation pressure and temperature are readily computed from the
following equations from Ref. 3:

e
R e XN L
Pct () = 3 Pc . (19)
0 -1
I} o B Mct(t*)j\
1+ y—2-1 Mgt(t*) ,
T,, () ={- T (20)
ct -1
° |:1 + Z—E- Mct(t*):l 2 ©

Equations (1) through (20) thus comprise the subsonic portion of the starting model
and are summarized in Table 1. The supersonic case is physically different from the subsonic
case and requires solution of a different set of equations as noted in Table 1. The
distinguishing factor of the supersonic case is that the nozzle exit is choked, making the
flow rate and stagnation conditions steady there. Once the nozzle chokes, the charge tube
Mach number is a constant depending only on the area ratio between the charge tube
and nozzle exit. From Ref. 2, the steady Mach number can be obtained by reverting
the equation:
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Table 1. List of Exact Simultaneous Equations

AEDC-TR-76-39

h\lrd;rli):l?liem Included in Text Program
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quation Computed ase? Number Number
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mo () = (1) + g (1) hp Mo 1 Yes 2 6
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P, (DA (%)
() [ . — m, No 4 1
\/Teo(l‘)
P O9A_ (1)
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() = = = [P~ A P thpg 8 4
w
Ade) . .
m(t) = - l’n(, [P(E = Ayg P19 y Yes 8 3
P = (1 = AP () + AP ) P, Yes 10 11
) 2 pazl
m g4lt*) Py*) P (%)
[}* ] T [d_*]y_ ;']y P8 Yes 11 12
mo (1% y-1 Pcno(' ) Pclo(l )
2 paz)
'(‘)2 P (*) 1Y P_(t*) y
[‘"'_‘] Lt [___‘_] "IEPHW P, @ No 13 13
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With this final Mach number, the steady stagnation conditions (Pct, Tct,» and m, ) along
with the steady charge tube flow rate (m¢t) can be computed one final time from Egs.
(19), (20), (13), and (17), after which these equations and variables may be dropped
from the simultaneous solution. Since me; is now constant, the flow rate leaving the test
section (mg) is solely dependent on the wall crossflow (mp¢) according to Eq. (2) and
is independent of the flow rate out the main valves (me), assuming the valve area A.
is sufficient to pass all the charge tube flow not removed by the plenum exhaust. Thus,
Egs. (3) and (4) may also be dropped from the system of equations. This is fortunate
since it is no longer true that Pe, = Pc¢,, which results from the nonisentropic
recompression of the supersonic flow entering the diffuser. Thus, the original system of
19 equations and 19 unknowns reduces to 10 equations and 10 unknowns for the
supersonic case.

These two sets of equations were solved using an iterational technique which
unfortunately failed to converge in the vicinity of the choke point in time. To provide
an alternate solution procedure when the iterational technique failed to converge, a small
perturbation solution was developed for the original exact equations. The small perturbation
solution was then used as an initial guess for the iterational procedure when it converged
and as the complete solution when it did not. The results of this lengthy derivation are
recorded in Appendix A, but the essential ideas are discussed below.

The exact solution already assumes that At is a small quantity. For the small
perturbation solution, therefore, any of the 19 variables at time t* may be assumed to
be related to their values at t*¥ - At by the general form

vi(t%) = vi(t* — At + ¢(t%) 22)

where €; is the small increment in the variable andi=1, 2, ..., 19. If these small perturbation
equations are used to expand the original exact equations, -a new system of equations
involving the increments rather than the variables themselves is obtained. For all exact
equations, except the energy equations relating the pressure and mass flux at the entrance
and exit of the test section (Eqgs. (11) and (13)), only terms of order ¢ need be retained
in the small perturbation equations. Such is not the case for the energy equations because
in the region of the peak (or choke point) in Fig. 3, there is no linear approximation
to the function. In the expanded equation, the coefficient of €; approaches zero as the
Mach number approaches one. Thus, the term of order €2, whose coefficient is nonzero

at Mach number one, governs the form of the expansion. The resulting subsonic system
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of equations is thus comprised of 17 linear equations and 2 second-degree equations, which
can be solved analytically. The supersonic case is composed of 9 linear equations and

1 of second degree.

25 SOLUTION PROCEDURE

The procedure used to solve these two systems of equations is discussed in the
following section. Included is a discussion of the overall logical procedure, the order in
which the equations of the exact solutions are used, convergence considerations, and a
general description of the computer program used to accomplish the calculation. The
general solution procedure is illustrated by the flow chart in Fig. 9. The decision whether
to use the supersonic or subsonic branch is decided by whether Pq(t* - At) < P* or
P4(t* - At) > P*, that is whether the diffuser end of the test section was supersonic
or subsonic at the midpoint of the previous time interval. If the previous interval was
supersonic, the current one is also assumed to be supersonic. If the previous interval was
subsonic but 1 - M(t* - At) < M(t*¥ - At) - M(t* - 2At), then the supersonic branch
is used for the current time interval; otherwise the solution is assumed to remain subsonic.
This criterion is checked for both ends of the test section, and the switch to the supersonic
branch is contingent upon either or both positions satisfying the inequality. In either event,
the small perturbation solution is computed to provide a good starting point for the exact
iterational procedure. If convergence does not occur before a given number of iterations,
the small perturbation solution is used as the final solution, and the next time interval
is begun.

The "exact iterational procedure" referred to above is accomplished by taking an
initial guess for one of the 19 variables and then proceeding from equation to equation,
determining new values for each of the 19 variables until a complete circuit is made and
a second value of the variable initially guessed at is obtained. This process is repeated
until the difference between two successive values of certain of the variables is within
a preset limit. For the subsonic case, the equation order is as follows:

4, 3, 11, 10, 7, 2, 17, 19, 20, 12, 13, 10, 7, 8, 1, 14, 15, 16,
5, ..

The supersonic equation order is
10, 7, 2, 11, 10, 7, 8, 1, 14, 15, 16, 5,

Some of these equations (Egs. (11), (13), and (17)) require reversion from the form given
but cannot be reverted analytically in closed form and must be solved numerically. The
variable to be solved for in each equation is indicated in Table 1, and the three requiring
numerical reversion are marked with an asterisk.
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Figure 9. Flow chart of solution procedure.

The complete solution thus requires numerical iteration at three distinct levels, which
necessitates careful consideration of convergence criferia as well as what to do when the
criteria can not be met because of stability problems. The most basic level of numerical
iteration involves reversion of the two energy equations and the mass flux - Mach number
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wave equation. Considering the general case where the function Y = F(X) must be solved
for X given a value of Y and a guess Xi, the procedure is simply to adjust X; in the
direction which reduces the error criterion
Y - F(X
E, = ~ 2 (23)
until |E;l < |Enaxl, Emax being the present, maximum allowable error. The precise logic
of the procedure is illustrated in the flow chart in Fig. 10. Since this procedure must

Subroutine SOLVER Compute
Y

t

Estimate
X1

{
Choose AX
Choose Emax

Yn =F (Xn)
En=(Y-YnlY

Nn=n+1 -

-1 !
= Xpe1 = Xn + AX n > ef AEp= |En| - [En-1I

Return

<0 AX = 112 AX

AX =-AX

1

Xl " Xp- +AX =

Figure 10. Logic for numerical solution of an algebraic equation
Y = F(X) for X, given Y when X = F-1(Y) is not a
closed form function.

27



AEDC-TR-76-39

be repeated many times at each time interval, it is of considerable importance (because
of impact on computer time) to achieve a solution with as few iterations as possible.
Since the number of iterations depends to a large extent on the accuracy of the guess
X1, considerable effort was expended in obtaining approximate reversions of the three
- equations. It was inadvertently discovered that the energy equation may be approximated
with surprising accuracy over the entire range of present interest with a single ellipse,
the reversion of which is trivial. The wave equation presented more of a problem. Since
an easily revertable second-degree expansion around M.; = O failed to match the accuracy
of the elliptic energy equation, the expansion was carried to the seventh degree and then
formally reverted according to the procedure of Ref. 6. These expansions are summarized
in Appendix B.

The next higher level of iteration is, of course, the simultaneous solution of the
exact model equations, during which stability problems were encountered in the vicinity
of the choke point. The error criterion for halting the iteration may be generally expressed
as

v

(n) _ S+
i i

< Pe (24)

PO

where test variables (v;) are the pressures Py, Py(t), Pp(t*), Pq, Py, and Pey ; Peyr is
the maximum allowable error; and n is the iteration number. Figure 11 illustrates the
stability problem encountered in striving to meet this error limit. Shown is how the plenum
pressure Pp (t*) varied with iteration number at two succeeding time points, one converging
and one not. Such stability problems are known to occur in applying the iterational
technique to locating the intersection of two curves on a plane when the curves have
the same slope (same or opposite sign) at the point of intersection. Whether this simple
explanation in 2-space is applicable to 19-space where no two of the 19 functions lie
in the same plane is unclear. In any event, improvement in convergence rate was sought
via the following procedures, most of which improved the situation:

a.  Relative Errors. It was found that if Emax was much greater than 1/10
Perr, the numerical reversions could oscillate enough themselves from one
iteration to the next to slow convergence.

=2

Computational Precision. Single precision arithmetic (~8 digits on an IBM
370) was found inadequate to achieve errors of Emax =105 (P = 104),
and double precision (~16 digits) was, therefore, adopted.
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Figure 11. Plenum pressure versus iteration number for convergent
and divergent cases.

Solution Weighting. The clearly periodic oscillation of Fig. 11 suggests that
the average of any two successive values should be closer to the final
asymptote than either value. Accordingly, solution weighting,

o= A e - At (25)

i
was employed on a regular basis.

Weight Cutting. It was further discovered that convergence rate could be
greatly improved after the number of iterations reached a certain point
if a lesser weight was applied to the current value v;().

Error Cutting. It was found that, later in a computation when some of
the pressures were very near their asymptotes, the amount of variation from
one time point to the next eventually approached the error limit. This in
effect allowed these values to vary at random within the error limits and
deteriorate the convergence rate. It was thus found prudent to reduce the

error limits as necessary so as to maintain
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vi(t:“) L At)

err < Blvi (o) + vi(r — Ab)] (26)

and Epax < 1/10 Pgyy

f.  Extrapolation. A second-order extrapolation function

vi(t%) = 2vi(tF — AR - v(t* — 2A1) 27

was tested in an effort to improve the starting values for iteration through
the 19 equations, but this generally produced no improvement in
convergence rate. A third-order function

vi(t%) = 3Bvi(t* ~ At - 3v(t* — 2At) + v (t* - 3Ab) (28)

was found not much better. Ultimately, of course, it is illogical to expect
any finite order extrapolation scheme to predict the effect of changes in
the forcing functions (area-time curves) if those coming changes had not
been anticipated by the derivatives of less than that order.

g.  Small Perturbation Solution. In place of an extrapolation function, there
was used the more logical small perturbation solution. This considerably
improved the convergence rate and provided sufficiently accurate results
in lieu of the exact solution when it failed to converge in a reasonable
length of time.

The complete mathematical model along with the above described convergence
enhancement logic have been programmed in Fortran IV for solution on an IBM 370/165.
The computer program HIRTSM1 (for HIRT Starting Model) is composed of the normally
expected components: the main program (MAIN) containing the exact equations, the
convergence control logic, and the overall solution control logic; subroutines to control
input (INPUT), output (PRINT and DUMP), and variable definition and initialization
(CONST and INIT): and a subroutine which performs the calculation for the analytical
solution to the simultaneous small perturbation equations (SMPERT). In addition, the
program contains a package of utility subroutines: -one routine contains the logic of Fig.
10 to numerically revert any given function (SOLVER); a second expands out the binominal
coefficients (BINOM) to give a series which is reverted by a third subroutine (REVERT)
to the seventh-degree term; a fourth subroutine (QSIMUL) determines the points of
intersection of two conics (the two final energy equations resulting from SMPERT) by
converting them to a single fourth-degree polynominal, which has an exact analytical
solution for the four roots (QANDC). Use of this program is described in Appendix C.
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The program can be run in a partition of 110K bytes and easily completes about 200
time increments in less than a minute of central processor time, though occasionally a
run may require up to three minutes. Peripheral storage is not essential, though provisions
are made to dump the entire solution on to a direct (random) access data set (such as
a disk file) so that the solution may be picked up at any point and continued. The results
of calculations with HIRTSM1 are compared in the next section with experimental results
from the Pilot HIRT facility.

3.0 RESULTS

Presented below is a comparison between the mathematical model and experimental
pressure-time histories from Pilot HIRT. Included is a brief description of those
characteristics of the tunnel important to the model. After a comparison of the model
and data, some other results of the calculations are shown. The section concludes with
a discussion of how the model can be applied in the design of certain portions of the
tunnel.

3.1 DESCRIPTION OF PILOT HARDWARE

Figure 12 shows an elevation line drawing of the Pilot HIRT facility, to which the
present mathematical model was applied. Figure 13 shows most of the geometric data
required by the model and also accurately illustrates the real life hardware, which is simplified
in the model. The geometric parameters in the precise form used in the model are
summarized in Table 2. The tunnel uses two alternate types of starting devices, the sliding
sleeve valve shown in Fig. 13 and, for quicker starts, a Mylar® diaphragm and cutter
located at the interface of the diffuser and the valve assembly. The plenum exhaust system,
shown schematically in Fig. 14, also uses a diaphragm in addition to two valves to control
the exhaust flow. The diaphragm initiates the flow, and the ball valve, whose setting cannot
be changed during a run, determines the amount of plenum exhaust during the steady
portion of the run. The quick-acting valve, however, may be rapidly closed during the
run to provide a temporarily elevated plenum exhaust in excess of what the ball valve
will pass. The complete system in Fig. 14 is modeled as the area-time curve of a
one-dimensional sonic orifice, as is the multiple port system on the main valve.

The portion of the tunnel shown in Fig. 13 was heavily instrumented with pressure
taps to measure pressure-time histories at various locations in the nozzle, test section,
diffuser, and plenum. Output from the pressure transducers was sampled every 2 msec
by a data acquisition system based on a PDP 11/10 digital computer with certain of the
signals also displayed on a recording oscillograph. Of primary interest here are the plenum

pressure-time histories, which comprise the primary basis for comparison of the theory
and experiment.
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Table 2. Geometric Data for Pilot HIRT Required by Mathematical Model

Charge Tube Diameter 1.162 ft
Charge Tube Flow Area 1.060 ft2
Ratio of Charge Tube Area to Test Section Area 2.271
Test Section Length 2.114 £t
Test Section Width 0.7633 ft
Test Section Height 0.6117 £t
Test Section Flow Area 0.4669 ft2
Test Section Wall Surface Area 5.813 ft2
Test Section Porosity 3.5 to 10%
Test Section Volume 0.9870 ft3
Flap Flow Area 0 to 0.2062 ft2
Ratio of Plenum Volume to Test Section Volume 1,75 to 4.0
Nominally 2.8

Plenum Chamber

/F_ Test Section
— Ejector Flaps

To Main Exhaust
(Valve or Diaphragm)

Plenum Exhaust Line (Ten 2-in.-ID
Lines Manifolded Ahead of Diaphragm)

—3-=——— Diaphragm (Ruptured to Initiate Flow)

————=e To Atmosphere

U 6-in, Ball valve (Orifice Variable)
ié}-———— Quick Acting Valve (Open or Closed)

!

To Atmosphere

Figure 14. Plenum exhaust system.
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3.2 COMPARISON OF MATH MODEL AND EXPERIMENT

Data for nine different tunnel settings were studied with the mathematical model.
Some basic data for runs typical of these nine conditions are summarized in Table 3.
The data of primary interest in this table include the plenum-to-test section volume ratio,
porosity, the opening times of the main valve and plenum exhaust valve, the maximum
plenum exhaust area, and the experimental test section Mach number. The conditions
listed for Run 2258 may be considered nominal values from which variations in plenum

volume, porosity, flap setting, and test section Mach number were examined.

Figure 15 compares the experimental plenum pressure as a function of time with
the present mathematical model for the nominal conditions (Run 2258). The data
iltustrated is for a plenum volume 2.8 times the test section volume, a porosity of 4-1/2
percent, and a flap setting of 0.4 in. (the gap between the flap and the test section wall
where the flap flow empties into the diffuser). The main starting device was a Mylar
diaphragm; and the exit flow area, the primary factor determining the asymptotic test
section Mach number (0.921), was obtained by capping off the proper number of exit
ports on the main exhaust manifold (Fig. 13, 16-in. valve). Since the desired Mach number
was subsonic, the plenum exhaust system was not used. The resulting data for these tunnel
settings are plotted in Fig. 15 as circles, and the solid line represents the output of the
computer program. The program was run for the indicated tunnel settings (Table 3}, but
several not readily apparent inputs were assumed. The starting device (diaphragm) was
treated as a linear area-time curve reaching its maximum area in 2 msec. The maximum
area shown in Table 3 is approximately 99.46 percent of the test section flow area, which
is based on the ideal, one-dimensional flow area ratio needed to produce a test section
Mach number of 0.921. The resulting theoretical plenum pressure-time history shown in
Fig. 15 agrees well with the experimental data. The greatest discrepancy occurs at 25
msec and reaches a peak there of 6.5 percent. This difference, due to a temporary leveling
of the experimental data between 10 and 25 msec, results from the finite time required
for the initial expansion wave to traverse the plenum volume, which includes the plenum
exhaust lines shown in Fig. 14. These lines extend to a distance of about 4 ft from the
major portion of the plenum. Since the model assumes a uniform plenum, it cannot account
for this factor. Figure 15 also illustrates another deficiency of the model, which in this
case produces the 3.l-percent error at a time of about 100 msec. Part of this error is
due to error accumulation in the small perturbation solution, to which the program reverted
entirely beyond 45 msec because of nonconvergence of the exact iterational solution.
Another part of the error, in this case the smaller part, is due to neglect of the axial
momentum of the test section flow by the crossflow model, which results in the smaller
slope of the theoretical curve in the region of 60 to 90 msec. Since this discrepancy
has been found to be generally small for subsonic runs, the coefficient in the crossflow
model (Ajs) has been left equal to one.
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Table 3. Summary of Run Conditions for Experimental Data to be
Compared with Theory

Maximum Flow Area

Total Opening Times

Charge Plenum ) - - Plenum Asymptotic | Test Section
'Run Pressure Volume | Porosity, | Main Valve, | Plenum Ex, Flaps,2 Main Valive, [ Plenum Ex, | Flaps, Delay Plenum Mach Number
Number | psia’ =), 1, % Ao, ft2 Ape, £t2 Ag, ft sec sec sec sec Pressure, =),
cs Vp/vts psia M.
2226 60.11 2.8 4.5 0.466886 0 0.0458352 0.002 -— -—— - 25.00 0.992
223 62.37 2.8 4.5 0.466331 0 0.2062° 0.002 -— —— -— 25.55 0.962
2241 61.84 2.8 1.5 0.465911 0 0.09167¢ 0.002 -— -— ——— 23.83 1.013
2251 81.47 2.5 4.5 0.465911 0.1090 0.09167 0.002 G.040 ——— 0.005 30.56 1.039
2255 81.27 2.5 4.5 0.465911 0.1090 0.091G67 0.002 G.040 ——— 0.004 24.04 1.228
2258 70.51 2.8 4.5 0.464351 0 0.09167 0.002 -—= -— -— 30.47 0.9214
2260 70.90 4.0 4.5 0.466290 [¢] 0.09167 0.002 —— -— -— 29.36 0.960
2263 74.10 1.75 4.5 0.466662 0 0.09167 0.002 ——— —-—- - 29.64 0.975
2742 152.15 2.5 4.0 0.465911 0.1090 0.09167 0.030 0.040 -—= 0.005 53.25 1.100
(a)'y = 0.2 in.2
®):y = 0.9 in.2
(c)ﬁf = 0.4 in.
(d)Nominal Conditions

6€-9/-H1-0Q3Y
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Vp/Vts 22,8
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Mg, = 0.921
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Run No. 2258
Starting Device: Diaphragm
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Figure 15. Plenum pressure versus time for subsonic run with
medium plenum volume,

Since the amount of plenum volume which must be drawn down to the asymptotic
pressure may logically be expected to have a first-order impact on the starting time, the
plenum volume was the first parameter varied from the nominal conditions for Run 2258
(Fig. 15). Figures 16 and 17 show the plenum pressure for a smaller plenum volume
ratio (1.75) and a larger ratio (4.0), respectively. As expected, the smaller volume case
flattens more quickly than the medium volume case, and the larger volume more slowly.
As in Fig. 15, the accuracy of the model is generally good for both the smaller and
larger plenum volumes, though the effect of the wave propagation time in the plenum
is much more pronounced for the larger volume.

Now return to a medium plenum volume case but vary another parameter - plenum
exhaust - for a slightly supersonic run. The theoretical analysis depends on an
experimentally derived plenum exhaust area-time curve, shown in Fig. 18, in the
nondimensional form used by the computer program. Unfortunately, the uncertainty in
the shape of this curve is quite large, and only the steady area is known accurately.
[lustrated in Figs. 19 and 20 are the data for two supersonic cases, Mach 1.039 and
1.228. Both the theory and experiment of Fig. 18 show a slight over-shoot bottoming
out at 30 msec and then approaching the asymptote from below. In addition, the
experimental data show a slight rebound peaking at 60 msec, a result not predicted by
the model. The rebound probably results from the overshoot, which would tend to draw

the test section below its asymptotic pressure while the plenum exhaust area was decreasing
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Figure 16. Plenum pressure versus time for subsonic run with
small plenum volume.
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Figure 17. Plenum pressure versus time for subsonic run with

large plenum volume.
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Figure 18. Plenum exhaust area-time curve for Mach 1.039 run.
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Figure 19. Plenum pressure versus time for supersonic run (Mach 1.039)
with plenum exhaust.

to its steady value at 40 to 50 msec. This combination of occurrences would then produce
a slight refilling of the plenum, manifesting itself in the observed rebound. For the higher
Mach number (1.288) of Fig. 20, the plenum exhaust curve of the previous case was
retained intact up to its peak but was linearly stretched beyond the peak to make it

approach the steady area needed for the tunnel to reach the desired asymptotic Mach
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number. The peak area and closing time were unchanged. The disagreement between theory
and data at the knee of the curve may be charged to the uncertainty in the plenum
exhaust area-time curve, which is known to vary somewhat from run to run since the
plenum diaphragm rupture is not precisely repeatable.

10 Q

Conditions

VplVig = 2.5

T =45 percent
Mg = 1.228
6;=04in
Ape = 0.1090 2
Run No. 2255
Starting Device: Diaphragm

Ratio of Plenum Pressure to Charge Pressure

0 40 80 120 160 200
Time, msec

Figure 20. Plenum pressure versus time for supersonic run (Mach 1.228)
with plenum exhaust.

The next parameter variation for which the model was tested was the opening time
of the main starting device. Figure 21 shows the data and theory for a supersonic run
made with a relatively slow opening 12-in. sliding sleeve valve instead of the diaphragm.
Though not apparent from the excellent agreement for this case, there is also some
uncertainty in the effective opening time of the main valve, assumed to be 30 msec for
the theoretical calculation. This uncertainty results because the choke point of the tunnel
changes position as the valve area increases, moving from the valve to the nozzle exit.
Since the time at which this change occurs is not easily determined experimentally, the
exact effective opening time is not known. In addition, the area-time curves are not
precisely repeated from run to run.

To continue with the testing of the model for variations in other parameters, the
program was run for a case of reduced porosity (1.5 percent), maintaining the nominal
conditions of medium plenum volume and flap setting. Figure 22 shows that the model
agrees well with the data. Cases were also run for which the flap flow area was halved
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Plenum pressure versus time for supersonic run with sliding

sleeve valve and plenum exhaust.
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Figure 22. Plenum pressure versus time for supersonic run with

1-1/2-percent porosity and no plenum exhaust.
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Figure 23. Plenum pressure versus time for subsonic run with
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and doubled from the nominal settings. Illustrated in Figs. 23 and 24, both theoretical
calculations are in acceptable agreement with experiment. As in previous cases, the
disagreement just above the knees is due to the neglect of the finite wave propagation
time across the plenum. The disagreement very early in the run (10 msec) is due to
uncertainty in the rupture time of the diaphragm, and the slowness of the model in
approaching the asymptote may be charged to inadequate handling of the momentum

terms in the crossflow model.
3.3 OTHER RESULTS FROM THE MATH MODEL

To predict the data of primary interest, plenum pressure, the model must also calculate
many other quantities including pressures and mass flow rates at various locations in the
tunnel. Figure 25 shows the pressure-time histories for the case of nominal plenum volume
(2.8) for a subsonic run with a diaphragm starting device. Besides plenum pressure, the
stagnation pressure and static pressures at opposite ends of the test section are shown.
This graph illustrates that the test section pressure initially drops much faster than the
plenum, as expected since the rate of plenum depletion is limited by the porosity and
flap area. Early in the run, the pressure at the exit of the test section leads the pressure
at the entrance because the wall crossflow leaving the plenum increases the flow rate
from the entrance to the exit. Eventually, of course, the test section and plenum pressures
approach each other as the flap and wall crossflows become negligible and the steady
conditions are reached. The stagnation pressure becomes nearly flat long before the static
pressures in the test section and changes very slowly beyond 20 msec.

The subsonic case in Fig. 25 may be contrasted to the supersonic case in Fig. 26,
which shows the same set of pressure curves. Besides the more rapid drop of all curves
prior to 40 msec, due to the plenum exhaust, the most striking difference from the subsonic
case is the approach of opposite ends of the test section to distinctly different asymptotes.
The entrance to the test section levels rather suddenly at the choking pressure ratio, while
the exit continues to drop to the lower pressure ratio corresponding to the supersonic
Mach number. Another interesting feature is that the asymptotic pressure at the test section
exit is lower than for the plenum even though the net wall crossflow must be into the
plenum (to reduce the flow rate along the test section as needed for supercritical flow).
Crossflow against the pressure gradient occurs because of the increasing momentum retained
by the crossflow while separating off from the high-speed test section flow. Another feature
of Fig. 26 due to this momentum is the crossing of the test section pressure curves at
12 msec, which signifies the reversing of the wall crossflow. To improve the crossflow
model's representation of the effect of this momentum (which is neglected in modeling
the crossflow rate as a function of pressure difference only), the momentum correction

coefficient Ays in Eq. (7) was introduced. This quantity expediently models the small
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Figure 25. Various pressures versus time for nominal conditions.
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additional crossflow due to momentum in terms of a slightly elevated driving pressure.
The steady-state value of Ajs at a given steady test section Mach number was derived
empirically for a given steady plenum pressure. These steady-state values of Aj 5 are shown
in Fig. 27a. During a run, however, A;s was assumed to vary according to the ramp
function of Fig. 27b to simulate the increasing momentum.

1.4

L3

1.2

L1

Pressure Rise (Ay5, Aqg)

1. (i]e. i 1 i l L
1.0 11 1.2 1.3 14
Steady Test Section Mach Number, M,

a. Momentum correction coefficient (A15) and flap correction coefficient
(Aq6) versus steady test section Mach number

Plateaus Correspond
to the Asymptotic Test
Section Mach Number
-]
< [ Als
& ' |
< l I
Al6
' !
\ 1
l |
l |
1.0
0 Mg=10 Mg = Mg

b. Assumed variation with test section Mach number (My) of momentum (Aqg)
and flap (A ) correction coefficients during starting process

Figure 27. Steady-state values of correction coefficients, A;5 and A;g.

Looking at the mass flow rate-time curves corresponding to Figs. 25 and 26 provides
further insight into the behavior of the mathematical model. Figure 28 shows the flow
rate entering (from the charge tube) and leaving the test section, the flow rate through
the flaps. and across the porous wall for the nominal conditions and subsonic flow. The
flap and wall crossflows, though leaving the plenum in this run, are shown on the positive
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axis for convenience. All data are expressed as ratios of the steady, asymptotic flow rate
through the main valves. The flow in the test section is seen to rise very rapidly, in concert
with the breaking diaphragm, and to approach the final flow rate only as the flap and
crossflows approach zero. Both flows from the plenum reach peaks at about 3 msec, which
results from the pressure differences between the plenum and test section reaching a
maximum. The crossflow further manifests itself in the disparity between the flow entering
and leaving the test section. Various experimentally derived flow rates are given in Ref.
4 for the pilot tunnel. These relatively well behaved results for the subsonic case may
be contrasted to the tangle of curves resulting from a supersonic case with plenum exhaust
(Fig. 29), which is based on the same conditions as Fig. 26. Initially similar to the subsonic
case with peak flap and crossflows at 3 msec, the curves are considerably modified by
the opening of the plenum exhaust at 4 msec (a programmed delay). The leveling of
the flap and crossflow curves at 22 msec is associated with choking in the test section.
Eventually, the plenum exhaust forces both the crossflow and flap flow to reverse and
eventually to exactly balance the plenum exhaust flow rate when steady flow is reached.
Reversal of the flap flow requires, in terms of the flow model (Eq. (8)), a driving
pressure at the flap exit greater than the plenum pressure and in general greater than
the computed pressure at the exit of the test section. Though the flap correction coefficient
(A1) is applied much like the wall crossflow coefficient, the physical explanation cannot
be the same since the free-stream momentum is in the opposite direction of the reversed

1.0 —
////
s b / Charge Tube, m4/mgt->a)
E l/ Test Section Exit, mg/m(t—00)
z 0.6
2 04 Flaps, mg/mg(t-+a)
S
o . .
Porous Wall, mp/mg(t=c)
0.2
0 =
0 10 20 30 40 50
Time, msec

Figure 28. Relative theoretical mass flow rates for nominal conditions
(Run 2258) of subsonic flow with no plenum exhaust.
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Figure 29. Relative mass flow rates for a supersonic run (Mach 1.228)
with plenum exhaust (Run 2255).

flap flow. A more likely explanation is the shock structure and flow separation at the
diffuser entrance. Since precise modeling of this complex flow is beyond the scope of
the present work, the flap flow correction coefficient (A1¢) was added to Eq. (8).
Experimentally derived values of Aj¢ as a function of steady test section Mach number
are plotted in Fig. 27a along with the static pressure jump across a normal shock. The
pressure rise during the reversed flap flow must be due to a flow more complex than
a normal shock, since the pressure jump across the shock rises much more rapidly than
experiment indicates. The lines through the circled points are cubic fits and are probably
not accurate beyond Mach 1.25. As with the momentum correction, the flap correction
was assumed to vary in time according to the ramp function in Fig. 27b.

3.4 APPLICATION OF THE MATH MODEL

Besides prediction of tunnel start time, there are several other ways the model can
be applied in the design of a wind tunnel. Since the plenum exhaust area-time curves

can be varied arbitrarily in the model, the number of plenum valves (or total valve area)
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to achieve various start times can be determined. In addition, the sensitivity of the start
time to the shape of the area-time curves can be predicted. This is important because
it indicates how finely controllable and repeatable (and expensive) the valves must be.
Another potential application is estimation of the structural loading of the test section
wall due to transient pressure differences between the plenum and test section.

To illustrate some of these possibilities, the program was run for the three different
plenum exhaust aréa time curves shown in Fig. 30. The solid line is a typical area-time
curve from Pilot HIRT, and the two broken lines are variations having the same average
open area. Processing the model with the triangular curve should indicate whether a curve
with the same peak as the basic curve but having a different shape would significantly
affect starting time. The trapezoidal curve should indicate whether a smaller number of
valves kept at full open for a longer time could achieve the same start time as the more
peaked curves. The plenum pressure-time histories for these three curves are shown in
Fig. 31. It is clear that the triangular curve has little effect on the shape of the pressure
curve and does not affect starting time. On the other hand, the trapezoidal curve has
a larger effect but still does not lengthen the starting time. The logical conclusions for
the tunnel configuration studied here is that very accurate controllability is not required
of the plenum valves and that the tunnel could be started just as quickly with about
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Figure 30. Nondimensional equa! area plenum exhaust area-time curves.
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2/3 of the available valve area if the valves were kept fully open for a longer duration.
If these results were found to apply to a large scale facility, a considerable cost reduction
could be realized.
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Figure 31. Plenum pressures versus time for three plenum exhaust
area-time curves with same integrated area.

A second example of application of the model is illustrated by Fig. 32, which shows
the pressure differential across the wall at the test section exit as a function of time
for several conditions. From these results, it can be seen that reducing the porosity has
little impact on wall loading, but raising the Mach number from 0.921 to 1.228 or reducing
the flap gap by 1/2 significantly increases the loading by 25 and 50 percent, respectively.
In contrast, lengthening the effective valve opening time from 2 to 30 msec reduces the
peak load to about 1/3 of the nominal case. The peaks of the curves for the diaphragm
runs occur just as the diaphragm reaches its full open area. The curve for the valve run,
however, peaks first when the plenum exhaust area peaks and later when the valve reaches
its steady area around 30 msec. Two data points for the peak pressure differential from
Ref. 4 are shown in Fig. 32 and agree with the model.
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Sym
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Figure 32. Transient loading of test section wall at exit for
nominal conditions and selected deviations.

4.0 SUMMARY AND CONCLUSIONS

A mathematical flow model for the process of starting a transonic Ludwieg tube
wind tunnel has been developed. The present model uses the integral continuity equation
for three specific control volumes, the steady form for the diffuser and test section control
volumes, and the unsteady form for the plenum. The solution in the two former control
volumes also uses the steady, isentropic energy equation, assumed applicable throughout
the diffuser and test section control volumes for a given set of stagnation conditions.
However, the stagnation conditions are allowed to vary in time according to the well-known
exact solution for an unsteady, one-dimensional expansion wave. Application of this model
takes the form of a numerical solution of 19 simultaneous algebraic equations to be solved

at successive time points until the flow becomes steady. The iterational solution procedure
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for these exact equations becomes nonconvergent in the vicinity of choking and is replaced
with an analytical solution to a set of small perturbation equations until the choke point
is passed. The numerical procedure is programmed for computer solution.

The mathematical model was evaluated by comparison with experimental plenum
pressure-time histories from a small Ludwieg tube wind tunnel. Agreement between the
model and experiment was found to be good. Other numerical results from the computer
model were also presented to illustrate application of the model to design of a large facility.
Specific conclusions drawn from the present study include (1) verification of the model's
ability to predict accurately plenum pressure-time histories and, therefore, tunnel starting
time; (2) prediction that starting time is insensitive to the precise shape of area-time curve
of the plenum exhaust and, therefore, that very precise controllability is not required
of the plenum valves; (3) prediction that starting time is not significantly lengthened by
even large changes in the shape of the plenum exhaust area-time curve if the area under
the curve and open time are maintained, thus permitting considerable reduction in the
number of start valves suggested by data from the pilot facility; and (4) verficiation that
aerodynamic loading of the test section walls (and, therefore, the support structure) can
be reduced by lengthening the opening time of the main starting valves, within limitations
of the required starting time.
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APPENDIX A
SMALL PERTURBATION SOLUTION

This section presents the essential details of the small perturbation solution, the
knowledge of which may be important to a user of the computer program HIRTSMI.
Table A-1 shows the small perturbation variables and the exact variables they represent.
Use of the expansions (Eq. (22)) in the exact equations listed in Table 1 produces the
approximate small perturbation equations listed in Table A-2. Definitions of the coefficients
Ay, Bi, Cp ..., if needed, should be extracted directly from the computer program
(subroutine SMPERT) where they are coded as CAl, CB1, CC1, ..., respectively. The
equations of Table A-2 can be solved analytically without recourse to numerical iterative
procedures. To accomplish this task, the linear equations were solved algebraically to
eliminate all variables except those contained in the quadratic equations, Eqgs. (12) and
(13). After eliminating all variables but e€;9 and e;3 from the two quadratics, Eqs. (12)
and (13) were converted to a single quartic (subroutine QSIMUL), which was solved
analytically for its four roots. If necessary, the reader can extract the algebraic details
of this procedure from the computer program. The correctness of the algebra has been
inferred from computation of residuals from the equations of Table A-2 (replacing the
zeros on the right-hand side with residuals). For all cases tested, the residuals were found
to be on the order of the computer's accuracy (~10-16). Similarly, the accuracy of the
expansions in representing the exact equations was tested by computing residuals from
the exact equations using perturbed values for the variables. The largest residuals
(percentage basis) were generally less than 10-4.
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Table A-1.

Perturbation Variables

Original Variable

m, (t*)

moe (t*)

m

(%)

(t*)
Pp (t)
hd (t*)

e

m

mpt

ct (t*)
(t*)
Pe, (t%)
Te  (t*)
(t*)
(t*)
(t*)
m_ (%)
P (t*)
(t*)
(t*)
A (t*)

Ao (t%)

Ap (t*)

(a)yariables 15 and 16 were eliminated.
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Table A-2. Perturbation Equations

Program
Equation Perturbation Equationb
Number®

1 Alel + B1€9 + CleAe + D1€10 =0

2 Azez + 82e17 + C2€Ape + Dze19 = 0

k23 =

3 A3€3 + BBGAf + C3€17 + D3e12 0

4 A4e4 + B4€17 + C4€11 =

5 Ases + B5€2 + C5€3 + D5€4 + E5 = 0

6 A6€6 + Bse4 + C6€7 = 0

7 Ageg + Bpeg + Cyey = 0

8 A8€7 + 8868 =

9 Age9 + B9€8 = 0

10 Aloelo + Bloe8 = 0

11 By1€31 * Byi€y3 * 13610 = 0

2 _
12 Aj2%6 * Bygfig +Cig(Peto€yg ~ PySg) + Dip(Pety€yp = Pycg)” = 0
2 _ .

13 Aja€q + Bygeyy + Ciz(Peto€yg = Preg) + Dig(Pety€yg - Pieg)™ = 0

14 A14%14 * Byag * Ci480 = O

174 Byn€qq + Byg€g = O

18 A18€18 + 818€5 + C18 = 0

19 Ay19€19 * Byg€yg *+ Cyg€17 = O

(2)see Tabie 1 for Corresponding Exact Equations

(b)Refer to Listing of Computer Program, Subroutine
SMPERT, for Definitions of Ay, By, ...

(c)variables Po¢ , Py, and P, Are Evaluated at t* - At As Are
All the Coefficients Ai, Bi, ...

(d)Equations 15 and 16 Were Eliminated
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APPENDIX B
APPROXIMATED EQUATIONS

Reversion of Egs. (11), (13), and (]7) requires a time-consuming numerical procedure
which has a major impact on the run time of HIRTSM1. To reduce the number of iterations
needed for the reversions, approximations to the original equations were used to provide
accurate initial guesses to the numerical procedure. Since these approximations may be
of general interest, they are listed below. A good approximation to the mass flux-Mach
number wave equation was obtained by expanding

vl
& - M(1 . %M) y-1 (B-1)
in a series of powers of M using the binominal expansion. Reversion of this series for
v = 1.4 then produced
M = @ - 1.200 /% + 2.0400 m° + 4.0480 m* + 8.7965 W°
(B-2)
+ 20.106 @® + 47.960 B¢ + . .
where m = m/m,. The approximation used for the energy equation is much simpler and
was discovered quite by accident. It was found that the equation
y+1

~y _ Py 57 (B-3)

could be very reasonably approximated over the interval 0 < M < 1.4 by the ellipse

~\2 ~ kY D
<i> N ti) _1 (B-4)
= 1 p*
where
~ _ 'y"ll
m = P I{lo
5_ P
PO
and
P-P" %= forM = 1
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APPENDIX C
DESCRIPTION OF THE COMPUTER PROGRAM HIRTSM1

Because of the complexity of the numerical calculations, potential users of the modei
must have access to the computer program (a manual calculation on a scientific calculator
took about six hours to step through five time increments). For this reason, a listing
of the source deck is given in this section along with a brief description of its content
and use. Table C-1 lists the 15 subroutines comprising HIRTSM1. Of primary interest
are the routines MAIN and SMPERT, which house the exact model equations and the
small perturbation equations, respectively. Table C-2 defines some of the more important
variables used in the program, information which is potentially useful if a program
modification is necessary.

Of primary interest to the potential user, however, is the input, instructions for which
are listed in Table C-3. The first card (NCTL) allows the user to retain manual control
over some of the superficial program logic. While intended primarily for debugging purposes,
the NCTL variable may be used to restart a run previously written onto a data file. To
make a normal run and relinquish all control to the program, a blank card may be used.
The second card (INSTR) provides the means to invoke certain program options via integer
instructions. Table C-4 gives a set of values which have been used successfully to date,
though occasional adjustments are necessary for some cases. Of particular importance for
supersonic cases is INSTR(26). As the program approaches the choke point in the
calculation (timewise, speaking), the number of iterations (ITER) for convergence always
becomes inordinately large (~100); and the program must switch to the small pertubation
solution entirely by automatically setting INSTR(23) = 2 when ITER > INSTR(22).
However, for supersonic cases, the solution is often not close to its asymptote, and
significant error can accumulate from the small perturbation solution. To reduce this error,
INSTR(26) may be used to direct the program to attempt to revert back to the exact
solution a certain number of time increments (the input value of INSTR(26)) beyond
the choke point. Sometimes the attempted reversion will be unsuccessful because the
solution is either still too close to the choke point or is already too close toits asymptote;
in which case ITER > INSTR(22) will occur, and the program will continue with the
small perturbation solution. When this situation occurs, the exact solution is not given
a chance to correct the accumulated error, which may affect the asymptote by as much
as 10 percent. If this result is encountered, different values of INSTR(26) should be tried,

since even a temporary successful reversion to the exact solution can improve the accuracy
of the solution considerably.

The remaining data cards constitute primarily a description of the tunnel and its
geometry. While most of the table entries are self explanatory, some of them deserve
more emphasis. On card number 4, the values of A15 and A16, if used, should be entered
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as negative to invoke the use of ramps. On card number 5, the weight used in computation
of the test section pressure for subsonic flow is programmed as 0.5. The input value is
used only in supersonic flow. On card number 6, the variable A14 is used to sort the
roots from the quartic. A value of -0.2 has been found more effective than -0.1. If the
root sorting logic finds more than one value of €13 acceptable, the program will halt
in bewilderment, requiring some trial and error adjustment of Aj4 by the user. On card
number 7, it has been found best to keep $EMAX < PERR/10. The quantity A10 is
used to obtain debugging information when T > A10. Following card number 10, three
separate decks for the nondimensional area-time curves for the main valves, plenum exhaust
valves, and flaps must be provided. Each deck must contain the number of cards entered
on card number one. The times and areas must be nondimensionalized by the values entered
on card numbers 9 and 8, respectively, and, therefore, will vary only between zero and
one. The times must proceed in ascending order. Table C-5 gives recommended values
for some of these entries. The remaining input instructions (I1, I2, ...) may be ignored
unless NCTL has been entered as other than zero, in which case the user is invited to
decipher the program logic in order to determine the endless uses to which this eption
may be put.

Table C-6 presents a sample job stream and data deck. The first four cards are peculiar
to the computer facility. The first "GO" card designates data set 03 a dummy in order
to suppress debugging printouts sent to DSRN* IDEBUG. The remaining data cards may
be understood via Table A-3.

A portion of the output from this run is shown in Table A-7. The first four pages
show the input data along with the initial values of most program variables. In addition,
an interpretation of the INSTR(I) options selected is printed. The flow area-time curves
are the redimensionalized form in units of seconds and square feet (or whatever units
are used in the input data). The form of the remaining output is that due to the selection
of INSTR(5) = 2 and generally displays all computed properties at the midpoint or end
of each time interval. Each five lines of data separated by a space corresponds to a single
time interval, and each block of five numbers corresponds to the similarly positioned block
of five variable names in the page heading. Interpretation of these names may be
accomplished via Table C-2. The illustrated run went to 180 msec, generated about 1,700
records (lines of print), and required 42.6 sec of central processor (CPU) time on an
IBM 370/165. This run may be used as a check case by potential users.

Table C-8 presents a machine listing of the final source deck. All necessary
subprograms are included except those available from the IBM subroutine library, from
which HIRTSM1 uses DABS, DSQRT, DSIN, DCOS, DATAN?2, CDSQRT, and CDABS.

*Data Set Reference Number
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Table C-1. Description of Subroutines

PRIMARY MODEL SUBROUTINES

Subroutine
Name Function
MAIN 1. Overall program control
2. Exact model equations
3. Convergence control
SMPERT Small perturbation equations

SPECIALIZED UTILITY SUBROUTINES

INPUT Obtains initial data from DSRN IIN
CONST Defines certain program constants
INIT Initializes certain program variables
DUMP Prints out all program variables at beginning

and end of run and as needed for debugging
PRINT Prints numerical solution and controls paging

GENERAL UTILITY SUBROUTINES

SOLVER Provides logic for numerical reversion of a
function (see Fig. 10)

BINOM Expands a binomial to seven terms

REVERT Reverts a series to seven terms

QSIMUL Converts two conics to a quartic

QANDC Computes the exact roots of a quartic

CUBRT Computes the exact roots qf a cubic

DREAL Returns the real part of a double precision

complex number

DIMAG Returns the imaginary part of a double pre-
cision complex number
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Table C-2. Definition of Major Program Variables

REAL ARRAYS
Variable
Name Definition
AREA Input nondimensional area-time curves for
main valves, flaps, and plenum exhaust valves
AREATS Interpolated areas for time t*
AREAM Peak of area-time curves (dimensional)
vV Nondimensional times for area-time curves
E Convergence criteria errors
TVF Total time for main valves, flaps, and plenum
exhaust valves (dimensional)
TDELAY Delays times for first motion of valves and
flaps
RW Coefficients for the reverted expansion oi
the mass Flux-Mach number wave equation
v Array equivalenced to major property values
RSTR Array equivalenced to certain real commoned
variables to simplify writing of solution
onto a storage device for restarting a run
ISTR Array equivalenced to certain integer vari-

ables for storage and restarting

REAL SCALARS

Pxi Pressure

MDx i Mass flow rate
Txi Temperature
BRxi Density

Mxi Mach number
Axi Flow areas
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Table C-2. Continued.

Nozzle exit (test section entrance)
Plenum

Plenum at time t (PPT) or wall crossflow
(MDPT)

Diffuser entrance (test section exit)
Test section midpoint (PT)

Stagnation condition, charge tube
Charge tube

Main valve exit

Flaps

Plenum exhaust

Charge conditions

Values at current time interval and current
iteration

Converged values from last time interval
Values from last iteration, current interval
Scratch area

Specific heat ratio (V)

Ideal gas constant

Error limit on pressures

Flap flow coefficient

Wall crossflow coeffieient

Test section length

Height
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Table C-2. Continued.

TSW Width
TSP Perimeter
TSA Flow area
TSWA Wall surface area
TSV Volume
CTD Charge tube diameter
CTA Charge tube flow area
PV Plenum volume
PYVOTSV Plenum: test section volume ratio
TAUVW Porosity
T Time at end of current interval (t)
T1 Time at end of last interval (t - At)
DT Time increment
TSTR Midpoint of current interval (t%)
TSTOP Time for termination of run
Ai Miscellaneous program constants

INTEGER ARRAYS

INSTR Program control instructions (see input)

NVT Number of time points in each of three input
area-time curves

INTEGER SCALARS

IDEBUG Data set reference number (DSRN) for debugging
output, normally dummied
IIN DSRN of input data (usually 05 for card reader)
10UT DSRN of primary output data (usually 06 for

line printer)
ITER Number of iterations
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Table C-2. Concluded.

NP Printing time interval

IFLGi Miscellaneous program control flags

Table C-3. Description of Program Input
a. Main Program

- X Default
Variable Index Value Action value Format

Proceed through normal programmed solution procedure 0 13
Read INSTR(*)

¥rite heading

Read data file and print results
Proceed to normal calculation
Call INPUT

Call INIT

Call CONST

Call DUMP

Call SOLVER

Call PRINT

Call BINOM

Call REVERT

Stop

NCTL

e
O W ® ARG WN =~ O

o
[

INSTR 1

o
Y

Print debugging data 2613

Skip debugging prints (DSRN 03 Is Dumnmy) 03 (One Card)
Input DSRN 05
Output DSRN 06
Printing time interval 1
Pressures in psf

Do W W
==~
L= B

[

Pressures in psi 2
Call PRINT on every iteration
Call PRINT on ON convergence

Extrapolate to next time interval as an initial guess

o
=
o

set to zero when IDEBUG = I0OUT 0

Do not extrapolate 2
Use reverted series from mass flux ~ Mach number wave equation
Use second-degree approximation 1
Use iterative solution to energy and wave equations
Use approximate expansions for energy and wave equations 1
10 Average current value with previous average value

Average current value with previous unaveraged value
Do not invoke option Q

O W H NN N RO
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Table 3. Continued
a. Concluded

Variable Index Value Action Default | pormat
Value
INSTR 11 >0 Iteration 1limit beyond which current weight is halved 0
12 1 Do not invoke option
>1 Divide error limits PERR and $EMAX by INSTR(12) if the fractional
difference between successive time intervals is less than
(errors) x (INSTR(12)) 1
13 #0 Print only time and pressure data
0 Print everything
14 >1 Set DT = DT*INSTR(14) based on INSTR(12) ceiteria, do not cut
error limits
1 Do not invoke option 1
15 #03 Read solution from DSRN = INSTR(1l5), skip other input
03 Do not read solution 03
16 [1,1000]‘ First record number to be read 0
17 [1,1000] |Last record number to be read 0
18 #03 Write solution on DSRN = INSTR(18)
03 Do not write solution 03
19 [1,1000] |First record number to be written 0
20 o Do not invoke option
>0 When weight is halved, increment INSTR(11l) by INSTR(20) 0
21 0 Do not invoke option
#0 Set INSTR(7) = 2 to extrapolate next time interval when weight
is halved 0
22 0 Do not invoke option, set INSTR(22) = 231-1
>0 Set INSTR(23) = 2 when number of iterations > INSTR(22) 9999999
23 0 Do not use small perturbation expansion
1 Use small perturbation initial guess for next time interval
2 Use small perturbation expansions as solution 4
24 #0 SMPERT prints small perturbation results
0 Does not print without error 0
25 1 Use isentropic solution in plenum
2 Use anisentropic solution in plenum 2
26 0 Do not invoke option
>0 Revert to exact equation after the input number of time
increments beyond choking 9999999

agquare brackets [] indicate the range of the variable,
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Vaﬁiz?le, Ns:;:ra Value Meaning Dsi?ﬁit Format
NVT(1) 1 [2,50] Number of area-time points for main valve 2613
NVT(2) [2,50] Number of area-time points for plenum exhaust valve
NVT(3) [2,50] Number of area-time points for flaps

PC, psia 2 Charge pressure 5E16.8
TC, °R Charge temperature

TSL, ft 3 Test section length 5E16.8

TSH, ft Test section height

TSW, ft Test section width

CTDb, ft Charge tube diameter
PVOTSV Ratio of plenum volume to test section volume
TAUW 4 Porosity (fraction, not percent) 5E16,8

KW, ft/sec Wall crossflow coefficient

K¥, ft/sec Flap flow coefficient from Dr, Varner's flow model

Al5b Crossflow constant MDPT = -AWOKW x (PP - Al5 x PT) 1.0

a16b Flap flow constant MDF = -AF/KF x (PP - Al6 x PD) .

Al7 5 >0 Test section pressure weight, PT = Al17 x PD + (1,DO - Al7) x PN . 5E16.8

R, ft2/sec2-OR 6 Perfect gas constant 5E16.8
G Ratio of specific heats (y)

All (0,1)c Fraction of new values to be accepted 0.5

Al3, sec Set INSTR(23) = 2 When T > Al3 1,D70

Al4 €12 and €13 limits ~-0,1
DT, sec 7 Time increment for numerical calculation 5E16.8
TSTOP, sec Time to halt calculation

$EMAX 0,1) Maximum allowable error - used in SOLVER

PERR (0,1) | Maximum allowable error - used in MAIN | i¥actions, not percent
Al0, sec Time at which INSTR(6) is set different from zero 1,Db70
AREAM(1), ft2 8 Maximum main valve flow area 5El6.8
AREAM(2), f£t2 Maximum plenum exhaust flow area
AREAM(3), ft2 Maximum flap flow area
TVF(1l), sec 9 Final time in main valve area-tlme curve 5E16,8
TVF(2), sec Final time in plenum exhaust area-time curve
TVF(3), sec Final time in flap area-time curve
TDELAY (1), sec 10 Time delay for main valve 5E16.8
TDELAY (2), sec Time delay for plenum exhaust
TDELAY(3), sec Time delay for flaps
TV(1,1) { main } 2E16,8
AREA(1,I) valve
ATV(2,I) {0.,1.1 Nondimensional time (fingl = 1,0) and for { plenum }
REA(2,1) ’ nondimensional area (maximum = 1,0) exhaust
A§¥§35f§> { flaps }
11d 1 0 Return 1
1 Read ISTR(IZ2)
2 Read RSTR(IZ) one card
3 Read V(I12,13)
12 Indices of array elements to be read
13 2613
ISTR >1 Enter one per card each preceded by a I3
RSTR >1 no, 1 card above - see common and E16.8
v >1 } equivalence statements to determine indices E16.8

8Card Order in Input Deck

bif Leas than Zsro, Ramps of Fig, 27b ¥ill Bs Used

CRound Brackete Exclude End Points

dThess Cards OCmitted Unless NCTL # 0

Rote: ©Xf INSTR(8) = 1, any set of units for which g5 = 1 in F = 1/gg ma will work properly,
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Table C-4. Suggested Values for INSTR(I)

I Suggested Value of
INSTR (I)

1 03

2 05

3 06

4 01

5 02

6 00

7 02

8 01

9 01
10 01
11 408
12 10
13 Oor1l
14 01
15 03
16 00
17 00
18 03
19 00
20 102
21 00
22 01
23 01
24 00
25 02
26 o094

(a)Adjustment May Be Necessary for Specific
Cases
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Table C-5. Recommended Values for Certain Variables
Variable
Names Recommended Value
KW, KF See Fig. 7
Al5, Als6 See Fig. 27a, Enter Negative
All 0.5 or Leave Blank
Al3 Leave Blank
Al4 -0.2
A1l7 0.9
PERR 0.49999999E--04
$EMAX 0.49999999E~-05

/8PRIORITY
//VKFD5145
//

Table C-6. Sample Jobstream and Input Data Deck

e
JO8

(aR0,

7/ EXEC FORTEPDS;PGMNO=VRY000990
//760.FTO3FA0L DD DUMMY
7/60,FT0SFa03 DD @

0l 20 10

000

_ 02

62 10 02 _
0.15215000€¢03 0,53000000E03
2.11400000E 00 0.611700008 00
0.04000000E 00 0,31000000E03

0.90000000E 00
1 0.17176080E¢04

0,00100000€
0,66591116E
0,03000000E
0.,00000000E
0.00000000E
1.00000000E
0.00000000E
0,16600000E
0,20000000E
0,30000000€
0,65000000F
0.50000000€
0.80000000E
0.90000000F
1,00000000E
0,00000000E
1.00000000€
/@

00
0¢
00
00
00
00
09
00
00
00
00
00
06
00
00
00
00
0o

1,400000008 00
0,18000000€ 00
090371716 =1
0,060000008 00
0,00500000E 00
0.00000000€ 00
1,00060600E 00
0,0000060008 00
0,923000060E 00
0.98000000€ 00
1,00000000€ 00
0,99298055€ 00
0,97332608E 00
0,66902737€ 00
0.52678305E 00
049810913 00
0,686876801F 00
1,00000000€ 00
1,00000000E 00

0.76330000E 00

10 00 20 01 00

1,16200000€ 00

VRY000905015V374=314)909652SHOPE +MSGLEVEL=(200) 9CLASSEASTIMER]

09

2.50000000E 00

0,20000000E203 =1,04988410E 00 =1,08312800€ 00

0049999999€=05
0,09167000E 00
0,00000000E 00
0,000600000E 00
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TABLE C-7
SAMPLE OUTPUT FROM HIRTSM1 FOR RUN 2742
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DTOPY .. OOKF _  INFEN _ _ Q0A} ____Q0DV _ _MeOGMY . TMGOGS 6PQ265
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0,28549729D0=01 :

v EQUIVALENCE ARRAY

0.152150000 03

0.152150000 03

0.152150000 03

0,152150000 03

T0,152150000 03 0,152150000 03 0.152150000 03

0.0

0,0 0.0 0.0 0.0 0.0 0.126862200 02 0,28813801D 02 0,530000000 03
0,53000000D0 03 0.530000000 03 0.530000000 03 0020067056001 0.240076960=01 0,240676%6D-01 0,260676960-01 0,112892210 06
0.0 0.0 - 0.0 0.0 0.0 0,0 0.152150000 03 0,152150000 03
0,152150000 03 0,152150000 03 0152150000 03 00152150000 03 0.152150000 03 0.0 0.0

0,0
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0.28813801D 02
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0.0
0.530000000 03

L]
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0.0 0,916700000=01 0.0 0e0 0.152150000 03 0.15¢i5000D0 03 0.152150000 03 0.152150000 03
0,152150000 03 0.152150000 03 00152156000 03 0.0 0.0 9.0 0.0 0.0
0.0 0.126862200 02 0.28813801D 02 0.530000000 03 06,53000000D 03 0,530000000 03 0.530000000 03 0,260676960~01
0.260676960=01 0,260676960-01 0.240676960~01 0.11289221D 04 0.0 0.0 050 0,0

L0 0.0 0,152150000 03 0.152150000 03 0.152150000 03 0,152150000 03 0,152150000 03 0.152150000 03
0.152150000 03 0.0 0.0 o0 0.0 0.0 0.126862200 62 ~

L]
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INSTRA )= _ 3. __SEND DEBUGGING OUTPUT TO DSRN_ 3 - . _ .

INSTR{ 2)= 5 _OBTAIN INPUT_FROM OSRN 5 . e

INSTRI( 33 6 _SEND REGULAR OUTPUT YO OSRN & e
INSTR{ €)= 1 PRINTING TIME INTERVALS 3} o . . B

INSTR{ 5)= 2 _INPUT AND DUTPUT PRESSURES IN PSIA i o o

INSTR{_6)® 0 PRINT DATA ONLY WHEN COMVERGED

INSTR( Ty= 2 __DO NOT EXTRAPOLATE TO NEXT TIME INTERVAL I . B

INSTR( 8)= 1 USE SEVENTW: DEGREE REVERTED SERIES aS INITIAL GUESS TO MASS FLUX=MACH NUMBER WAVE EQUATION

INSTRE 9= 1 USE ITERATIVE SOLUTION TO ENERGY AND WAVE EQUATIONS

INSTR(10)s | 1  AVERAGE VALUES OF CURRENT ITERATION wiln AVERAGE YALUES OF PREVIOUS ITERATION o

CURRENT WEJGHT ]S HALYED BEYOND 20 JTERATIONS

INSTRAL)= 20



€L

INSTR(12) = 10 DIVIDE ERHORS BY 10 WHEN TIME~DIFFERENCES ARE LESS THAN 10 TIMES THE ERRORS
INSTR(13) = 0 PRINT ALL DATa . T
INSTR(Lé) = 1 DO NOT INVYOKE DT=~RAISING OPTION
INSTR(15)= 3 DO NOT READ SOLUTION FROM PERMANENT DATA SET
INSTR(1l&) = 0  FIRST RECURD TO BE READ: 0 oo T
INSTR{L7)= 0 LAST RECORD TO BE READ: 0 i
INSTR(18) = 3 DO NOT WRITE SOLUTION ON PERMANENT Dala SET T
INSTR(1l9)= 0 FIRST RECURD YO BE WRITTENS 0 o T
INSTR(20) = 10 INCREMENT. INSTR(1l) BY 10 WHENEVER wEIGHT [S HALVED T
INSTR(Z)) = 0 DO NOT CHANGE EATRAPOLATION OPTION (INSTR(7)) i D
INSTR(22) = 20  SET INSTR(23)=2 WHEN ITER >z 20 T
INSTR(23) = I USE SMALL PERTURBATION EXPANSIONS AS INITIAL GUESS FOR NEXT TIME INTERVAL
INSTR{24) = 0 RESULTS FROM SHMPERT NOT PRINTED o T
INSTR(ES) = 2 SET TP aND TPT = MAX(ISEN TP,TCIV)
INSTR{26) = 9  REVERT T0 ERACT SUPERSONIC SOLUTION 9 TIME INCREMENTS AFTER CHOKE
J1I J2 U3 J& Jdo Jb JT v J9 JIV Jll Jvle JI3 Jle Jl> Jle JIT7T Jlv JI9 J20 J2l Jez2 J23 J2e J25 Ju2d
3 5 6 1 2 0 2 1 1 1 20 1o 0 1 3 o 0 3 0 10 0 20 1 0 2 9
FLOW AREAS VERSUS TIME
1 TY(lol) AjEA (11D TV(goI} AREA (201} TVi3el) AREA(3s1)
2+ttt 32133 F 2 23 34 2223 3 A1 E X2 L 2 S X2 T 2 3 3 £ 25 3 R TS S s EE ST E RS S E IR S S S 2SI RS2 S SSTTT B
1 9.0 0.0 . U0 V.0 0.0 0,916700000=01
€ 00300000000L=0] 0,46591116p 00 0.500000000~02 0.0 0.0 0.91670000D=0}
3 0.0 0.0 U.115600000-VF V.834430920-01 0,0 0,0
¢ 0.0 0.0 Uol300u00uD=-Y]1 0,885042800=-01 0.0 00
5 0.0 0.0 0.170000000-01 U903T1TI4D=-00 ©o0 0,0
& 000 0.0 V.230000000-01 ©,89/373560-01 0.0 0.0
7 0.0 0.0 V.250000000-0L U,879011660=01 0.0 0.0
8 0.0 0.0 Uo3146000000=0L U.58653716U=01 0.0 0.0
9 U0 0,0 Uo3T000000D=0) 0.4T74255640=01 0.0 0.0
10 0.0 0.0 Uo4lUU00000=U) W,450)e9T60=0) 0,0 0.0
11 0.0 0.0 0.450000000=¥1 W,.44U000000=01 0,0 0.0
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9.0 000 0e0 __ . __ 0o.l26B62D 02 0.2881380 02 0.530000D 03 0,530000D0 03 05300000 03 0
0.530000D 03 0.260677D0-01 0.260677D=01 00,2406770=01 0,2406770=01 0.0 0.0 000 0
0.0 0.0 0.0 000 0.0 0.0 0.0 0.1000000=02 =1
0.100000D=02 0.5000000-03 . 000 0.1515680 03 001520760 03 0.151570D 03 0,151565D 03 0.151998D0 03 21
01515690 03 001515690 03 0:273812D~02 0.6947320-02 0.6219170=02 0.7863720-01  -0,9271920=-02 0.8786750=01 19
*063314110~01 0.121702D Q¢ 000 - _ 0.126447D 02  0.287194D 02 _ 0,529924D 03  0,5298490 03 05296210 03 19
05294210 03 0.260591D-01 0.2605050=01 0,2600200-01 04260020001 0.7765190=02 7 0.0 0.9167000=01 3
0.4627990=04 0.989949p=05 0:198061D=06 0,782624D=05 . 0.182267D=06 0.636664D=06 0.436644D=06 0,100000D0=02 =1
PERR CUT TO 0,49999999D-05 AND SEMAX CUT TO 0,699999990=06
0.200000Q-02 0.150000D=02 0.1000000-02_ __ 0,150306D 03 0.1517850 03 ‘o,1sgg29q‘o;_’ 0,150308D 03 001515730 03 18
01503480 03 001503480 03 0.855315D0=02 0,2152180-01 00,1963000=01 0.263936D 00  =0,2626550=01 0.27018B1D 00 &5
=0,923446D=01 003625710 00 0.0 0,125573D v2 0.2852110 02 005296370 03 0,5296250 03 0.5281990 03 19
0:528199D 03 002402650=01 0.2600250-01 0,2386380-01 0,2386380-01 0.2329586D-01 0.0 0.9167000=01 10
008912480-06 0663618000 _0,}328560-05 0,226175D=05 001576680=05 0,8522190=06 0.8522190=06 051000000~02 =}
.0.3000000=42 02500000=02 0:200000D0=02__ 0.148907D 03 _  0.151236D 03 01488950 03 0,168919D 03 001509350 03 21
01499390 03 0.1490390 03 001689100=01 U,3706B70=01 0.338601D=01 0.621678D 00  =0.4016830=01 0.461626D 03 21
<00:1380610 90 065997710 00 _ 000 0,1266350 02 02830800 02 0,5291060 03 0.5287870 03 0.526881D 03 19
05268810 03 90239663D=0} 0.2393020=01 0,2371510-01 0.2371510-01 0.3882590-01 9,0 0.9167000=01 10
001985610=08 0s1190350=05  Qo238428D=05 0,458196D=05 00229179D=05 0.2583590-08 0.2583590~08 0,1000000=02 =1
0.600000D=02 003500000=02 003000000=02 001674200 03 0.1505260 03 0,167398D 063 0,167442D 03 0.1501180 03 2e
001476500 03 0.1476900 03 0.2152950-01 0,5318280-01 0.6695500=01 0,6065590 00  =0,5202600=01 06565850 09 21
=0.176681D 00 0.833162D 00 ___ 0,0 001236680 ¢2 0.280863D 02 0.5283780 03 0.5279680 03 0.5255140 03 18
005255140 03 0.2388390=0] 0.238376D=01  0.2356160-01 0.2356160=01 0.5435630=01 0.0 0,9167000-01 10
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0.500000D=02 06500000-02 0.400000D=02 001655550 03 001496330 03 0,1458190 03 01658900 03 0,169169D 03 18
0:,1663170 03 01663170 03 0.284065D-01 0,6976720-01 0.6466950=01 0.791146D 60 =0,6227550~01 008536220 00 &I
~00209144D 00 01062670 01 0.0 0.1226820 02 0.278643D 02 0,527¢800 03 0.5269920 03 0.5261130 03 18
05241130 03 0.2378260=01 0.2372760-01 0.236050D=01 0.2346050D-01 0.6988670=01 0.0 0.9167000-01 10
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_ 0.500000D=02 0.550000D=02 0,5000000=02 0.1641560 03 01686390 03 0.1461050 03 0,1662030 03 001677310 03
0.1468750 03.  0.1468750 03 0.3576600-01 0.8727580=01 0.8145110-01 0.9873570 00  =0.6946850=01 9.1056830 81 1 1
=0:2308910 00° _ 001287830 01  =0,9787320-01 001216650 02 0.2762880 02 0.526274D 03 0.5255550 03 0.5226320 03 17
0.522632D 03 0.236669D=01 0.235663p=01 00232600001 0.2326000-01 0.856170D0=01 0.6357710=02 009167000=01 10
0.9266200=06  0,178422D0-05 0,358069D=05 0.3390260-05  0,2157020=05 0,765156D=06  0,765156D=06 0.1000000=02 =}
0.7000900=02 0:650080D=02 0:600008D=02 01422030 03 0:1466780 03 001621410 03 01622660 03 01456270 03 19
9,1632750 03 0.1432750 03 0,440922D=01 0.1066290 00 0,1006380 00 0.1205270 81 =0,707997D=01 0.127607D 61 18
202313490 00 001507570 01 ~0,290630D 00 0.1204930 02 0.2736710_02 0.5266820 03 0.523406D 03 0.5209770 03 17
0.520977D 83 00,236661D=01 0.233260D=01 0.2305640=01 00230566001 0,1009470 00 0,1907310=0)  0.916700D=01 18
00173808005 0.261179D=05 0.6868270=05 0326127005 0.,268936D=05  0,1382590=05  0,1382590=05  0,1000000-02 <=}
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78

T TSTR T Py [dd [0 PN PPT ND
PCTO PEO MCT ML MN MDCT MOPT MDD NK
MDF MDE HMOPE MDTSO MOCTO TP TPT TEC NCT
1CTO RP RPT REO RCTY AE APE AF ITER
TEM E(2) E() El(%) Ei9) E(6) [ A} o7 Jie
0:6400000=01 00635000001 Ve630000D=01 UeS66044D U2 0e5627520 02 05421010 02 0.5875280 02 0.5617650 02 11
001112150 v3 01078460 03 002657420 00 Us1067500 01 Ve10000u0 O} T 0.561208D0 0] 0.2049460-01 005591580 01 0
001611310 v0 05430430 01 “0.26760060 00 Ue969/67D 01 0.2202600 02 0.2846U5D 03 0,484605D 03 006866050 03 0
046866050 03 0.9735710=02 0.97182%D=02 00186576001 0o192404D=01 0,465911b 00 0,4400000~01 0.9167000=01 3
0.0 004265V60~06 0:854262D-0¢ Ye39T7811D=05 0.355U550=05 0e0 0,223881D0-05 00,1000000=02 =1
0+6500000~04 0e6450000-01 0.6600000-91 05454290 02 05608010 02 09407510 02 0.587528D 02 005598570 02 12
0.1312150 03 01077580 03 0.2657420 00 0s106954D 01 021000000 01 0,5612080 01 0,217348D~01 05590360 01 ]
021663570 00 05425980 01 “0.2666790 00 0.9697670 0} 02202600 02 0,486605D 03 0.484605D 03 0.4845605D 03 0
Vs 4866050 03 0e9701960-02 0.968563D=02 0.186423D=01 0:1926060-01 0,4659110 0¢ Vs4400000-01 0.9167000=01 &
0.0 0.167213D=00 06334989D=p6 e 156200D-05 001396620=05 0V 0.,843832D=-06 0,1000000~02 =}
0.6600000=¢1 0.6550000=-01} 9e6500000-01 05643010 02 0.558973D0 02 0.5394980 62 0.587528D ¢2 05580900 02 ]
00.11123150 03 01076730 03 026574620 00 ColUT71650 01 0.1000000 01 0.5612080 01 06229174D~01 0.5589160 01 L]
0s167465L 00 005421710 01 =0.265810D0 00 0.969767D 0L 0.2202640 02 0.4846U50 03 004866050 03 0.684605D 03 0
04846050 03 0.967034D=02 0.965506D=02 ve.186276D=01 0.1926040=01 0,4659110 Qv Ue44600000~01 0.916700D-01 3
Qo0 00.171264D-06 00343070D=06 Uol58854D=05 0:141707D=05 0.0 0,9403770=06 0:100000D=02 =1
0.6700000-01 00665000D=01 0+6600000=01 05432540 02 08572640 02 0,>383350 0¢ 0.587528D @2 0.5564380 02 9
0.1112150 03 0.107591D0 03 02657420 00 0.1073220 ¢l 0.1000000 01 005612080 01 0,240371D~01 05588040 01 0
Vel704280 00 00541761D 01 =0+264997D0 @0 0:9697670 0} 00.2202600 02 0,4846050 03 0,484605D 03 06866050 03 0
06846050 03 00966077002 00962648D~02 0.1861350=01 0:1924040-01 0,4659110 00 Uo440000D=01 0.316700D=01 3
060 0.17B7030=00 00357937D=06 0.1651500=0% 0.14728%0-05 000 0o1012350=05 0:300000D=02 =}
8.5800000-01 0.675000D=01 0.670000D~01 0.542285D 02 005556660 02 09372580 02 0.587528D 02 0.5548950 02 9
001112150 ¢3 00.1075l6b 03 002657420 00 0.1074850 01 VelU0000D 01 0.5612U80 01 0,251023D-01 0.5588698D0 0] 0
0ol732740 00 05413710 01 =0.264237D 00 0.969/670 01} 0.2202600 02 0.6846U50 03 0.486605D0 €3 0:684605D 03 0
0.4846050 03 0.961313D=02 0.959979D=~02 V1860010~V Oel926000=01} 0,4659110 00 0,640000D0-01 0.916700D~01 2
0.9 002382980006 00477259006 Ue223576D-U5 001993530=05 0.0 0.113211D0=-05 0.100000D=02 =}
£:6900000~01 0o685000D-0} 0.6800000=01 05413870 02 05561750 02 05362600 02 0.587528D 02 05534560 02 11
001112150 v3 01074400 03 02657420 00 0.1070380 01 01000040 0} 0.561208D 01 0,261084D~01 05585970 01 ¢
0.1759790 vo 05409990 01 ~0e263528D0 00 09697670 01 0.2202600 02 0.4860605D 03 0.4864605D 03 0,484605D 03 0
004846050 U3 0.958736D=02 0e957489D~02 Uo1858730=01 0.1924040=01} 0,465911D 00 0,440000D=01 0.9167000~01 2
0o 0o718790D-08 061243945D=07 Ue6l0LU50=07 003655990=-07 0.0 0o205824D~06 0.100000D-02 =)
0.7000000~-01 0e6950000-01 0:6900000~-01 0:560555D 0¢ 005527850 02 065353350 02 0.587528D ¢2 0,552114D 02 5
001112150 u3 0.1073700 03 0.265742D 00 01077780 01 01000000 W1 0.5612080 01} 0.,2705730-01 0.558502D 01 ]
01785670 0O 0.5606470 0} =U.2628670 00 09697070 01 Vo2202060U0 02 0.4866U5D 03 0,484605D 03 046846050 03 ¢
Ue4B84605L 03 009563290=~02 0e955168D=02 001857520=01 Jo19260460-01 0.4059110 00 0,6440000D-01 0.9167000-01 2
Q0o¢ 001750020-00 00350430D0=06 0,1621850=05 0.1445570-05 0.0 0,9¢8612D~06 0.1000000=02 =}
0e7200000~-01 0.7050000-01 0700000D~01 0.5397/820 02 0.55143uD 02 0,23¢6800 02 005875280 02 0.5508650 02 11}
0.1112150 03 0.1073vsD 03 02657420 00 0.1079090 U} 0.10000uD Ui 0,5612080 01 0,2795090~01 0.558413D0 0) 0
0.1809780 00 005403140 01 =0.262251D 00 0.9697670 01 0.22026u0 02 Ye4B46US0 03 024846050 03 006866050 03 0
0684605 v3 009540880~02 0.953007D-02 0.185638D=01 0.192606D-01) 0,4659110 00 0.6400000-01 0:916700D=01 2
Vel 00226083D-06 00452676D~06 0.207158D0=05 001846100=-05 0.0 001370530-05 0,1000000-02 =~}

6€-9.-H1-0d3v
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AEDC-TR-76-39

MATN DATE = 75157 11/58/40

¢ HIRTSM] = HWIRT STARTING MODEL

t e IMPLECTIT REAL2B {A=HsMs0=75$T

COMMON BREA(3050) s AREATS(3) o AREAM(3) o TV(3050) oA (10) oE(T)oB(30)
1 TVFA3) e TOELAY (3)2RW(T)

COMMON PCoRCoTCoACIMDETCFA(D)

sMDTSTR o INFINs TMGOGS ¢ GPO2GS »

1 SGOR.___ .

COMMON GOGMIoGPl9OOG9GPl0296”10296910606MIOG|GOGPIoGOGNl’
1 00GM1.005P1.GP 20 1 PGP

2 MGPOGM MG OGM]QP’GRQOOR.PIQPERRQAHOKNQOOAIOOOKFvKFOKW
COMMON 1S

COMMON TsT]1sDTeTSTRsDT02,TSTOP:0ONTDTOPY
_ COMMON Ale:AP9A39A%e

COMMON PN PP o PPT o PD PT ¢ PETO o PED s HMDE o
= MOD o MDF o MDPT o MDY o MDPE oMDTSO _oMDCTO o TYEO o 1P _a
= TPt o TcTo ¢ RP s RPT s REO o RCTO o ACTOs» MCT ¢  AE »
= _APE o AF o MN » MD :

COMVON PN1y PPle PPT1s PD1e PTle PCTOle PEDls MDEl
= _MDDle MDFle MDPTls MDCTle MDPE)oMOTSOleMDCTOle TEOLs TPle
= TPTle TCYOls RPle RPTle REOle RCTOls ACTOlo MCTloe AEl,
= APEloe AFl MN] g MDY

COMMON PN2, PP2y PPT2s PD2y PT2y PCT02s, PED2¢ MDE2,
= MDD2, MDF2. MDPT2, MDCT2y; MOPE2,MDTS02.MDCT02, TE0R2, TPy
= TPT2, TCY02:, -RP2s RPT29 REO02¢ RCT02s ACT02s MCT2» AE2,
=__APE2. AF2e MN2 s Mpe

COMMON PN3, PP3s PPT3, PD3s PT3e PCT03:, PED3: MDEJs
- 2] P

- TPY3, TcT03, RP3s RPT3e RE03Is RCT03e ACTO03s MCT3I, AE3,
= __APE3, AF3e MN3 o MD3

| COMMON PSOP0oTSOTOsRSOR0,MSOMO
i _COMMON $Yo8Y108Y208X]09K2o5NNe8E) 9SE2¢SEMAX9SEP 9 SDE
COMMON TNSTR(26) s IDERUGs TINsTOUToNP o IP o ITERONVT(3) o ToNToTPAGES
| ANPAGE oSN oo TM] ME 9 ND 9 NNo N
| . 2IFLGB e TFLGO s IFLGToIFLGBeTFLGY9I11912s13514915
| _COMMON J) o020 J3eJ84sU59U604T9JB8eJ90J100J116J12oJ13eJ140J150J160)170
1 J183J199J0209J219J229J230J260J250U26 )
_ COMMON NCTL
DIMENSTON V(3094)9RSTR(582) ¢ ISTR(3IB) 9 IEXTP(T) s JV(26)
DIMENSTON C(442)
EQUIVALENCE (RSTR{1)sAREA(L)ITo{ISTR(1)oNP) o (PNeV (1)) o (JV(1)eJ1)
__INT=GER 8N
REALEB TNFINyKFsKH
DATA JEXTPY1+206979100164016/
DATA €/=,14885381N25,4534750102:~,4353067302¢,14068554D2¢
A _=,552300570291493904303,=,13208170D03,,30891333302/
DEFINE FILE 01(300512000U5J16)
POPO(DY1)=(],46M102%D]12%2) e #MGOGHM]
MDOTPT(D1.D2)s=AWOKYW® (D1=D2%AL15) #A2
ITIME=0
1FLGL=1
IFLGE=¢]
1FLG6=]
__IFLG9=]
IFLLG10=1
IFLGlY=0
IFL512=]
IDERYG=03

85



AEDC-TR-76-39

MAIN DATE = 75157 11/58/40

" TIN=05

10UT=06

CNP=1

(emmoenoncarenrcarnoca=aa

C MANUAL PROGRAM CONTROL

c .

TF (NCTL.E2.01 G0 TO 100
WRITE(TOUT15) NCTL,

15 FORMAT (10NCTL=%413)

1 2._.3 4 5 6 7 8B 91011 12

13 14

60 TO(100:125+129+1116920930940050960570580090015]995) sNCTL

— 20 CALL!' INPUT(R]10)

30

.40

50

. 60

70
0

CaLL! IMIT(&10)
CaL Ll CONST(810)

CaLL! DUMP(810)
CalLli SOLVFR(810)

CALLI PRINT(R]10)
Call! BYNOM(&10Q)

90

CALL! RFVERT(&10)

9% CALLI SMPERT(810)

e o D En B T @ s D D T OB R @ D e o e D R D @ @ D D O O W G W B S 6 @

C READ aN? DEFINE_NEFAULTED RUN CONTROL INSTRUCTIONS

(o m o e e nenn® oo om0 e o 0 e o e

.. 100 READ(IIN.120) INSTR

120 FORMAT(2613)

TF (INSTR(1) JNE,0) IDFRUG=INSTR(L)

IF(INSTR(1) ,EQ.0}INSTR(1)=INERUG
IF (INSTR(2) NELO) TINSINSTR(?)

IF (INSTR(2) ,EQ.0) INSTR(2)=11IN

o —_XFLINSTR{3) NELQ) JOUT=INSTR(])

IF(INSTR(3) ,EQ.0) INSTR(3)=10UT
IF(INSTR(4) NE,QINP=INSTR (4)

lF(INSTQ(ﬁ).EQ.O)INSTR(éj=l
IF (INSTR(5) ,EQ.0) INSTR(B)=2

IF(IDERUG.EQ.TOUT) INSTR(6) =0
_IF{INSTR(T7).EQ.0) INSTR(7)=2

IF (INSTR(9) (EQ.0) TNSTR(9) =) __

IE (INSTR(12) (EQ.0) INSTR(12) =1

|
TF(INSTR(8) ,EQ,0) INSTR(B) =1 L
IF (INSTR(14) oEN.0) INSTR(14) =1 ’

IF (INSTR15) EQ.0) TNSTR(15)=03
JE(TNSTR(18) ,EQ,0) INSTR(18)=03

IF(INSTR(22).EQ.0) TNSTR(22)=9999999
TF(INSTR(25) .£9,0) INSTR(25) =2

IF(INSTR(26) .50.,0) INSTR(26)=99999099
DO 121 1=1,26

121 JV(T)=INSTR(1)

IF(NCTL ANF,0)G0_T0O 10

C-----------_--

€ PRINT HEADING

c-----—-----_--

125 WRITE(TOUT,130)

130 FORMAT('10020KsT4(785)/30Ks¢$taTPXet8?/30Ks¢%

HIRTSM1 = MATHEMATI
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MaIN DATE = 75187

AEDC-TR-76-39

11/58/40

T 2725 989/30%59% ARNOLD RFSEARCH DRGANIZATION, ARNOLD AIR FORCE STA
o ATIONe TN'312Xe 989 /30Xe 158 72X 089 /30K 760851

129

1F(NCTL.NE,L0) 60 TO 10
1F(J15.60.03)50 T0_135

Comncnnonemonns 0o an s wnnn oo mmmn®eeeoe

€ READ _SOLUTYON _FROM DATA FILE aND PRINY

CormroonrnowropernocsneraConnuodanan®n@ @ oo

e KAE0_

131

‘128

60 TO 127

IF(JIS.NEL,07)60 T0 128
READ(J159END=132) RSTR ISTR

JlesJdlasl

READ(J15°J16)RSTRISTR
FIND(J15° J16)

127

IF(K1.FQ.0)CALL DUMP
IPASE=K]

CALL! PRINT
K1=1PAGE . e —
1F(J16=1.50,J17)6G0 TO 132

— .....GD 70 131

132

133

. WRITE(IOUT.133)
_caLl.pump

TF(INSTR(8) ,EQ.0)R0 TO 134

FORMAT (vlv)

1PA3E=D
CaLli PRINT

136

136

CHRITE(TOUT.136)

J16sJlo

FORMAT (eome)
DMD1=MD=M)]
DUNIsMN=M\]
JFANCTL NEWN) GO TO 10

G0 TO 1118

e bl et T Lo dotesturfdonlastero e

£ READ INPUT,INTTIALIZE VARIAALFS.AND PRINT RESULTS

(ecravassoronanconcnesrncsnocotoseon coecacascacnnams

135

139

160

141

A)AkEl N0

HRTTE(JIB)RETRLISTR .

Jigs=Jla

IFLG4=0 . . -
Catl- INPUT

CaLL' CONST

caLL INTT

caLLi DUMP N
IF(a15.,6T,0,N0)GO TO 140
IFLGll=1 e S
TF(A16,.GE.(=1,D0))R/0 TO 139
AYRA=DARS (A]5)
Bl6asDARS(AL1A)
IFLGi1=?
a15=1,Nn0

CalL PRYNY

TF(JIB.EQ. 0360 T0O 150
IF(JIB,NE,07)50 TN 145
WRTTE(J1Bal6]) e J—
FORMAT (32(989) o YSHOPE = VYKF/ANP®?¢33(%%¢))
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AEDC-TR-76-39

MAIN DATE = 75157 11758740

NITENI TS

165 WRITE(J18?J16)RSTR, ISTR

Cromemcmomosmommacnucenese

C START NEW TIME INTERVAL

Leusmmreomncnansronernnan

150 T1=Y
e 72T0DT

IF(1IFLA11.EQ.0)60 YO 280
GO _TO(269:282+276) ¢« IFL G111

269 1F(MD1.GE,1,00160 TO 270

. A1521.D0 ___
A16=1,Nn0
60_T0 276

7270 A(1)=0,p0
CA(2)=20,D0

DO 274 1=194
Al3)=Mplées(1=])

DO 272 Js1s2
272 .ALJ)=ALJ)+CATsJ) #A(D)

274 CONTINUE

. AI5=A(L). . . 4 .
Al6=A(2)
_ 60 7O 276

282 IF(MD1,6E,1.D0)GO T 284
—A15=(A15A=1.D0)#MD)*1,D0

A16=(A16A=1,N0)#MD1+1,D0

GO TO_276. e
286 A15=A184
_ . Alesalea

IFLGll=3
276 WRITE(IDESUG.27BIMD]1+A15,A)6

278 FORMAT(? MD1=?9F 16,897 415=9oF16,80% Al6=1,E16,8)
280 _ IF(TIFLGR.LT,0) 1592151

TF(1S.NE-TNSTR(26))G0 TO 143
INSTR(23) =1 .

YRITE(TOUT,142) i
142 FORMAT ($0REVERTING TO EXACT_SUPERSONIC SOLUTTON?)
163 TF ((INSTR(10).ER+0) ,ORe (TTERLLTLINSTR(11))160 TO 152

C WETGHT CUTYING

all=.5eall
Al2=1l.-811_

INSTR(11)=INSTR(11)+INSTR (207
HRITE(TQUT21205) ITERs ALY o INSTR(11) _
1205 FORMAT (90955Xo Y TTER=9o130¢ WT HALVED TO 'sF5,3,' TNSTR(11) RATSEN
1D TO 417 el e N —
IPAGE=TPAGE+2 .
.. 152 1F(T.6F,A10)1DERUG=TNUT
TSTR=T3+DT02
JTIVME=ITIME.])
TF(IFLGYIaEQ.2) TFLGA=]
¢ _SET PRFSSURES OF LaST TTFRATION TO INFINITY FOR ERROR COMDUTATION
DO 153 1=1,7
__ 153 VUTe3)=INFIN ___
1TER=0
IF(TLLF.TSTOP)BO T0(155,240) s 1FL 61
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AEDC-TR-76-39

MATN DATE = 75157 11/58/740

IF(NCTL.NE,0)GO TO 10
_-15) WRITE(IQUY.154)
154 FORVAT(919)
CaLli _DLMP
1F{J18,.E0Q, 07)HRITF(J18u156)
156 FORMAT(2(/80(e#e)})
9999 STOP

Lerocnesvucoracccnosoneastronocntoann

¢ COMPUTE ARFAS OF VALVFS AT TSTR
(ovesonanorsanmcsurwosnenocaccanas
156 DO 220 J=1:3
B SCNVAXNY
IF(TSTR,GT,TV(JsT1))6O ro 200
12=1T (1)
DO 160 1=12.711
% BN &3 ¥-3 3 §
‘ IF((TSTRLALE.TVIJ9TML) ) cOR. (TSTR.GT,TV{JsI1))GO TO 160
IR & i3V § K-) SR
1FLG1=3
A(L)=TSTR=-TV (e IM1)
A2 21,/ (TV(JeT)=TV(JoIM]))
_AREATS({J)=(ARFA(JoI)=ARFA(JoIMI) J€@A(1)®A(R) ¢ AREA(JoIMY)
| GO TO 220
| .. 180 CONTINUE_
| HRITE(TOUT+190)
| _ 190 FORMAT(90STOP AT 190¢)
| sS70°
200 ARFATS(J)=AREA(JINVT ()
60 T0(21052200220) 0 IFLGI
210 IFLGl=2 —
220 CONTINUFE
_IE(IFLBlaQ.3VIFLGY=] _

(omoronroanconronsnn = e e S es

C BEGIN NEXT ITFRATION AT SAME TIME INTERVAL
Com e mamnesnnm e o e e e oo e o e o e e - - eeeee
240 ITERSITERel . _
264 TF(TITER.LT, INSTQ(’?))GO T0 242
oo INSTR(23)=2
IF(TIFLBIZ2,FQ, I)WRYTF(YOUTQ?‘S’
265 FORMAT (V0SWITCHING To_SMall PERTURBATION SOLUTION ENTIRELY®)
1FLG12=7
261 1TER=]
262 ND=0

IF(ITER.GE.INSTR(22))INSTR(23)1=2 __
243 TF(IFLR2.FQ,1)60 TO 250

Cg-na—n-nnu-uaﬂ---—---—n---—-g=gegg==============aa=ﬁa--=u-u---

(o SFT C4YARGF TURF AMD NOZZLE VARTARLFS TO STEADY CHOKED VAaLUFS
S S St phtb bbb At Ldebedodadedod L L Ll Ll L dedtocdesbidirndedecdectecleoidecdedrtolad
IF{IFLR6.E0.2)60 TH 250
IFL56=2 L -
FY=CTA/TSA
1FLG=3 ; S
1FLG2=41
. CaLLr SALVER
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AEDC-TR-76-39

MATN DATE = 75157 11/58/40

MCT=$X])
— NCT=8N______ :

A(1)=(1,40M1028MCTHE2) /(1,4GMI02¢MCT) va2
__TCT0=Te#A(L)
TE0O=TCTO
. PLTO=PC*A(1)2860GM)L
RCTO=PCTO#00R/TCTO®AP
ACTO=DSQRT(GR#TCT0)
MDTSO0=RCTO®ACTORTSA
MDCTO=RCTORACTORCTA
MN=1,
_PN=PSOPO#PCYO
MDCT=RSORO#RCTO#DSART (TSNTO) #ACTO#TSA
IF62==1
HRITE(TOUT9249)
249 FORMAT('0NQZZLE HAS CHOKFD?)
MCT1l=MCT
.. ILTO0l=TCTO
PCTOY=PCTO
RCY01=RCTO
ACTOl=ACTO
MN] =HMN
PN1=PN
MDCT1=MpCY
MDTS01=MDTSO
.. MDCTO]l=MDCTO
PT=A17#PD¢(1,N0=A17) 2PN
______PT1=PT S
250 IF(INSTR(23),E0,0160 TO 2%5
IF(T.6T,A13)INSTR(23) =2
TF(IINSTR(23) .EQe3) o AND. { ITERL.GEL,INSTR(11}1)60 TO 283
257 IF(ITER NFL1)GO _T0O 255

g

C.CaLL SMaLL PERTURAATION PACKAGE
Comammnnnmms o non e mnoons
... 253 D0 260 1=1s3
11=125 .
V(I1$1)=ARFATS (I}
EA(I)= V(Ilel)=V(T1e2)
_.260 CONTINUE -
IF((ARFATS(3) oEQe0,D0) o AN (EA(3) oEQ.0,00))MDF1=0,D0
IF ((ARFATS(2) 1EQe0oD0) o ANDo (EA(2) \FQe0,DO)IMDPEL=0,D0
CALL! SMPERT
K1=0SIGN()1e500sPT=PCT04PSOPOT
IF(K1,FQ.TFLG2)G0 TO 256
IF(TFLB10,EN.2)60 T0 258
1FLG10=2 T
IF(IFLG2.ER, 1) IFLB2=K]
IF(IFLA2.FR. (=1))1GO TO 241
GO TO 256
258 IFLGlO=] ,
__256 IF((INSTR(23) ,£Q.3) cAND. (JTER.GE.INSTR(11)))160 TO 254
IF(INSTR(23) .EQ.2)60 TO 254
60 Y0 255 -
256 IF(J1B,EQ.03)60 -TO 1190
WRITE(J18°J16)RSTReISTR
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MAIN NATE = 75157

11758740

FINI(J189J16)
60 10 1190

255 IF(IFLGR)5009999,251)

(omoccncncmnoon o

C SURSONIC RRANCH

Caremercesmcanmas

251 MDEs= AlﬂPEO°AR=ATS(l)/DSQQT(TFO)'A?
e JFLG2Ee}

1FLB6=]
,,,,, _IELGl2=Y

MDD =MDF + MOF
C DIFFUSER MACH NUMBER AMD PRFESSURE

$Y=MDD/MDTSO
1FLG=2

. o MCTESNY

CALL! SOLVER
MD=SXY .

ND=§N
POsPCT04POPO(MD). . __
PT=.5% (PD+PN)

. MOPT=MDOTPT(PP.PT)

MDCT=MRDeMDPY

C CHARGE, TUBF MaCH NUMBER __
$Y=MOCT/MNCTC
IFLG=4 L
CaLL SNLVER

NCT=85N
AC1)=(1,5M1029MCT882) /(1. 2GMLO28MLCT) 882
- TCTO0=Tewa())

PCYO=PCeA (L) eeGOBML . ___
RCTO=PCTO#OOR/TCTO®A?
PEQ=PCTO
TEA=TCTO
REN=RCTO
ACTO=DSOQRT (RR&TETO)
A())=RCTO%ACTO
MOCTO=A(1)8CTA
MDISO=p())1#1S4.

€ NOZ7LE MACH NJUMRFR AND PRESSURF

$Y=MDCT/MNTSO

IFI.6=2
CALL SOLVER
MN=6X1
NN=$N v -
P\= DCTO“POPO(MV)
IF(PT.LEaPCTO#PSOPO)BO TO 241 e
GO TO 1000

(erovoncccascamanme

C SJPERSONIC RRANCH

500 PT=A17#P0¢ (1,00=A17)#PN
IFL.52==]
IFl1 G12=]
MR T=MNOTRPT (PPLPT)
MON=EMDCT=MNPT
MOF ==MNF ¢ DN
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MAIN DATE = 75157 11/58/40

TEO=TCTO

. PE0=MDE#DSORT(TEO) #0041 /AREATS (1) #A3
REO=PEN#ODR/TED #a2

C DIFFUSER PRESSURE AND MACH NUMBER

$Y=vDD/MDTSO

IFLG=2 | e
CALLI SOLVER
Mp=sA)

NND=%N
PD=PCTN#ROPO(MD)

C UPNATE PLENUM CONDITIONS .
c-q_g_---_—a_-—_—-__—-----
21000 IF(JFLG2))100129999.1002
1001 PT=(1.n0=a17)8PNsA1T#PD
. 60D TO 1003 _ . . _ . _ _ _
1007 PT=0,5n0% (PN+RD)
1003 MOPT=MNNTPT (PRSPTY. . . .. _
MDF ==ARFATS (3) #00KE # (PP=PNBA16) #A2
. RPT=RPT1#(MDRI¢MDF ¢MDPE) #NTOPY
RPz,5% (RPT1+RPT)
IF(IFLG9.EQ,2160 YO 1010
PPT2PPT1# (RPT/RPTL) #%6
TPT<PPT#OOR/RPT#A2
"PP=PPT1# (P/RPT1) #46
_TIP=PPEOOR/RP #A2
IF(tNSTR(?S).FQ 160 TO 1020

1FL59=2
1010 TP=TCTO . . R
TPT=TCTO
e -...PP=3P#R8TO/AR |
PPT=RPT#ReTPT/A2
1020 MDPE==-p1%PP#AREATS(2)/DSNAT(TPI#A2
(oercnnvonomsswranaa
C CONVERGENCE CHECK. . __ . .
Crreromronnecomowan
- ~IELG3=) .
00 1050 I=1y7
1050 E(1)=2,%04RS(V(Tel)=V(1e3))/tV(Tol)+Vile3})
DO 1100 I=1,7
IF(E(T).GT,PERRIGN _TO 1200

1100 CONTINUE
C_WRITE NATA _ON FILE AND PRINT_CONVERGED DATA
1FLG3=P
[F(J18,E0.,03)60 TO 1Y18 ..
WRTTE(JIB*J16)RSTRHISTR
FIND(JIR® DYy
1115 CALL' PRINT
_)116 IF(INSTR(T7) ,FR.2)G0 TO 1180
TF{INSTR(6) JNELO)WRITE(TOUT.1120)V
1120 FORMAT(15(/% *98E16,.8)) _
(mocoamonanmna e onwmn s ®mnman @ s 2 2 D D e

C _PEQFORM EXTRAPOLATION TO _NEXT TIME INTERVAL

c-..-.._..-.._..--..-_..---s_=========a==g=,g-a---_-_

DO 1170 I=1,7
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MAIN DATE = 75157 11758740
JEIEXTP (1) A
C.SAVE DATA FDR CURRENT TINTERVAL
AlT)=V(dsel)

IF(TTIMELE0, 1160 TQ 1160
IF(IFLG4.EQ.1)G0 TO 1160
C EXTRAPOLIATE
Vi(Jsl)=2.8V(Jel)=V(Je2)
IE(INSTR(A) NF0)CALL PRINT
C RESET DATA TO BEGINNING OF TIME INTERVAL
1160 V(Je2)=a(1)
IF(IFLG4.EQ.1) IFLG4=2
_1170 CONTENUE ___

Croonmnercncarnar socunr e @R r et o nEmC R T OROD D DD D ® 00 S DA o0a s

C. DETERMINE IF _ERROR CUTITING OR DY DOVURI ING 1S REQUIRED
(o L T Y L L L L L L L L e L L L T L L L L LY 1T
_.1180 IF((INSTR(12).EQal).AND.(TNSTR(16) FQ,11)GO TO JY00 . =~ ==
DO 1185 I=1,7
e I (LIF) G2.NEL 1) o AND (T FR. 1V OR. (1. EQ.6))160 YO 118§
E(1)=2,%DaRS(V(Tel)=V(1s2))/(V(I9]1)eV(Is2))/INSTR(12)
IF(E(I)GT . PFRAYGO TO 1188
IF(INSTR(14).6T.1)60 TO 1184
C_ERROR CUTTING . - L R
PERI=PFRR/INSTR(12)
e - BEMAX=SEMAXZINSTR(12)
HRITE(TOUT.1183)PERR«SEMAX
1183 FORMAT (¢ ' ) )
IPAGE=TPAGE+?2
.60 TQ 1190
¢ DT DOURLING
1186 DI=NT#INSTR(14])
DTOPVaNT/PY
00nT=1./DT
DTN2=NT4,5
WRITE(IOUT23IARTINT
1187 FORMAT (%0 DT RAISED TO%9E16,8)
IPASE=TPAGF+?
GO-TO 1190
118% CONTINUE
1190 IF(ITIME.LE.2)GO TO 1191

o0 0 e 0 2 2 2 3 1y 2 2 2 o 0 3 0 3 o D T o D 0 B D D € D ke O o D 2 e D Ry
€ DETERMINE TF NEXT INTERVAL 1S PREDICTED TD CHOKE
(omacnr o P ot oIRE e @@ w0 D D oo oD o D o e D D S
DMNeMD=MD ]
OMN=MN-MN1 )
IF (DMD,LTo.DMD1)DMD=DMD]
e XE(OMN LT DMNY ) DMN=DMN]
IFLG2=NSIGN(].5N0+PT=PCTO#PSOPO)
e IF(IMD.GEa{)1,D0=DMD)) sOR. (MNoGE, (1a00=0MN) ) ) TFLG2==]
1191 DMDl=Mp=MnD]
DMN]=MN =M\
IF(IFLG2.LT.0) IFLG10=2
— . __WRITE(IDE3Y ! N g MD o MN MN) _
2000 FORMAT(POTFLG2=9sT397 OMNaDMN=?92F13,557 MDoMN=?,2E13,55
10 MDY aMNI=002F13.5) . :
€ RESET DATA TO BEGTNNING OF TYME INTERVAL
IE(INSTR(23).50.01G0 TO 1189
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MAIN DATE = 75157

11758740

00 1188 I=1¢30

1188 V(T1e2)=V({Ta1)

GO TO 150

1189 RPY1=RPT

PPT1=PPT
IF(INSTR(7).FQ.1)(A0 70 180

DO 1186 I=107
JEIEXTP(T)

1186

ViJe2)l=Videl)

L. G0 10 15”0

(erroavorarcnracevonerernerecmoae

C_RESFT_CONVERGENCE CONTROL DATA

Crevrevsarnoncaceaannwoavesccsaan

1200

IF(IDFRUG.EQ.TOUT)CALL PRYNT

IF(INSTR(6) .NE.O)CALL PRTNT
I113INSTR(1Q) :

1210

DO 1260 1=1,30
GO T0(122001260) 971

V(Ted)aV(lsl)
GO 70 1260

1220

1260 V(Ts8)=V(Te)

IF(ITER.NEL]L) V(Iel)mAll®av(Ioel)eal2 ®V(103)

V(103)aV(Te})
G0 TO 1260

ViTe3)2viTel)
IE(ITERANEWLIIV(Tod)=Allev(To))en)2¥V(To4)

1260 CONTINUF

GO .TO 2640 .. __
END

94



AEDC-TR-76-39

INPUT DATE = 75157 o 11/58/60

SUBROUT INEI INPUT (#)

IMPLICYT REAL®B (A=HoMsQw=Zo$)

"COMMON ARER(3¢50) sAREATS (3) o AREAM{3) 9TV {30501 9A(10)sE(T) B30}

) TVEN3) o TDELAY (3) oRW(T) ~ .
COMMON PCoRCoTCoACeMDCTCIEAESEAPE sEAF sMDTSTR e INFIN» TMGOGS s GP0O26GS

1 _SGOR
COMMON GvGMl9GPl9OOGvGPl02vGMlOZoGPlOGqGMlOGvGOGPl'GOGMlo
M M M2,

2 MGPOGMoMBOGM1+R9GROORPTsPERRAWOKH 9 00AL 9 OOKF o KF o KW
COMMON TSLInTSHoTSWeTSPpTSATSHASTSYeCTDoCTAPVPYOTSV TAUN
COMMON ToT1eDToTSTRIDTUR,TSTOP00DToDTOPY X
_ COMMON aloA29 69A50A69AT9ABsADAL0Ss (] ) Alds » [)
COMMON PN PP o PPT » PD v PT » PCTO o PEOD o MDE »
= MDD o MDF ¢ MDPY o MDCT 9 MOPE oMDTSO sMDCTO ~» TEQ » 1P s
= TPT , TCTO o RP o RPT o REO » RCTO » ACTOs MCT »  AE »
= BPE o  AF o _MN 5 _ MD :
"COMMON PNl PPls. PPT1e PD1s PTle PCTOle PEOly MDEL,
= MODl, MDFle MDP P MD¢ T
= TPTl, TCTOLls RP1s .RPTle REOls RCTOls ACTOls MCTle AEl e
= APFla pF1la MN1e Mnl
COMMON PNZe PR2s PPT2s PD2¢ PT2¢ PCT02s, PEO29 MDE2s
= MDD2s MDF2¢ MDPT2s MDCT2e MDPER.MDTS02:MDCTO2e TEQZe 1P2e
= TRT2, TCTO02, RP2y RPT2s RED2e RCT029 ACTO02s MCT2y AE2,
-_ APERe  AF2, MNZ o MD2 §
COMMON PN3, PR3y PPT3s PD3e PT3e PCT03s, PE039 MDEI,
= _MND3, MDF3e MDPT3, MDCTIe MDPE3oMDTSO03oMDCT03y TEO03e TP3e
=  TPT13, TCT03, RP3s, RPT3e REO03s RCT03s ACTO3e MCT3s AE3e
____=_APE3, AF3, MN3» MD3
COMMON PSOP09TSOTOsRSOR0,M50MO
_ . COMMON $Y¢BY1o3V2e5X]1eSX205DKe5E19B3FE2sSEMARBEP S SNFE
COMMON INSTQ(Z&)'TDEHUGQTYN:IOUToNPoIPoITEReNVT(3)vIvMToIPAGEo
INPASE s SNo IT(3) s o IMIo T ND NNk i 2 IFLG
?IFLGSo1FLu6oIFLG7a!FLGB.TFLG9:11072913014915
~§QMwoN_JLLJZLJ3LJﬁlJ5JJb4J14Q_lJ2LJlQ1Qll1JL21Ql31ﬂlilﬂl§1ﬁlﬁlﬂll;__
) J189J195J200J219J220J230J269J259J26
- _COMMON_ NCTL,
DIMENSYON V(30+4)sRSTR(579)ISTR(35)
_EQUIVALENCE (V(1)ePN) o (RSTR()1) eARFA(L)) o (ISTR(]) 2NP)
INTEGER SN
REAL®8 INFINgKF oKW __
IF(NCTL .NFK0)G0 TD 200
. _READ(IINISOINYTsNT
50 FORMAT(2613)
_READ(TING1I00)PCTE
100 FORVAT (5E16,.8)
RFAD(IINV[OO)TSIwTSHvTSH?CTDcPVOTSVaTAUH;KH9K79ﬂ159015
19A179A1894819+420¢A21
READ(TIM9100)R9GoA110A13,A14
READ(ITNGLO0IDT s TSTOPsSEMAXPERRALD
READ(ITN9100) AREAM
READ(TTN9100) TVF
CREAD(TIYNS100) TRELAY
DO 110 J=1.3
__D0_10% 1=1550
TV(JsT) =0,
105 ARFA(J.1)=0,
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INPUT DATE = 75157 11/58/740
11=NVT (U .
~110 READ(ITNG1POI(TY (eT) 2 ARFA(IeT)oT=loll)
120 FORMAT (2E16.8) '
RETURN

200 READ(ITN9S50)T1972413
IF(I).FR.D)RETURN 1)

GO 70(220+240,260),11
220 READ(TINGSN)ISTR(I2)

60 Y0 200
_240 READ(IIN.IONDIRSTR(TIZ)

G0 TO 200
_250 READ(YYNe100IV{T2¢13)

GO YO 200
END
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AEDC-TR-76-39

CONST NATE = 75157 " 11/58/40

SURRQUT INF CONST(#)

TMPLICTT REAL#R (A=HeM9D=2¢%) e
COMMON AH‘A(3'5ﬂ)oARFATQ(?)QAPEAM(1)~TV(3~50)vA(lﬂ)ﬂF(7)oR(30)9

1 TVFU3) s TOELAY (3) oRW(T) =
COMMON PCoRCoTCoACoMNCTCoFAF oF APF oFAF o MDTSTR o INFINoTMG OPQ'GPOZGQQ

1 SGOR R
COMMON (303MY195P1900GGPIN?2eGMIN2e(RIUGIGMI0GGNGPI 9GOGM] o

1 NNSMLG00GP1sGPOGYLSGMI02e TOGML s TOGIMGPGM2 s TORPL s GPGM] 2, J,
2 MGROGMM30GM1 4R eBReDNR«PT4PERR s AWOKWaONAL s DNKF o KF oKW

COMMON TSLITSH4eTSWeTSPeTSAeTSWASTSVeCTN(TAWPVIPVOTSV s TAUW

COMMON ToT1aNTeTSTReNTO2,TSTOPONNTaNTNPY

COMMON NAloA298300869A5A0,ATsABsADAINsA]10A1R2sA139A140A1500169A)7
COMY0ON PN PR« PPT o PD . PT 9 PCTO o PFO o MDF o
= MO 4 MDF o MDRT o MDCT » MDPE +MDTSQ sMDCTO 9 TEO o . TR e .
= TPT o TCTYO RP 5 RPT o RFD o RCTO ¢ ACT0e MCT o AE o

= APE AF o MN o MD . . -
COMMON PN1s PP s PPTL, PNYa PT1le PCTOLo PFOls MDF1lo
= MIDle MDF1ly MDPT1s MPCT1s MDPE1oMDTS0leMDCTOLs TEOLs JPLls. . .
= 1271, TCi0le RPIs aAPT1s REOle RCTODls ACTOle MCTle  AFlo
= APEl. AF 1o MN1y MRl . . s
COMMON PN2 . PP2e  PPT?, PN2e PT29 PCTN2e PFO2e MNF2s
= MIDZ, MNF2, MDPTZ2y MOCTZ2s MDPEZsMDTS029MDCTORy - TED2s -~ TP2e  _
- T2T24 TCT02, RP2¢ RPT2e REDPs MCT02s ACTN2y MCT2s AF2e

= APF2, AF 2y MNZ o mMp2 . e e
COMMON PN3e PP3e  PPT3e PN PT3s PCT03s PE03s MDF3,
= MIN3, MOF3, MNOT3y MDCT3Is MPPEISMDTSNIeMDCTOIs  TEO3s  TPIe
= TPT3. TCT03, RP3y RPT3s RENJe KCTN3y ACTO3s M(T3, AF 3o

=  APE3, AF 3, MN3 s MN3

COMMON PSIPNsTSNATNePSNRO MSOMO

COMMON §YadY 1 ohY2ebX1 ot XP o BDNXeHhE] s FFZ 9 FFEMAK S KFP o BNF
COMMON TNSTQ(?H)iYDFHHG-TTNoTOUTQNPQ]POITEQnNVT(1)vToVT.IPAGEv
INPAGE 9 &N TT(3) 0 JoTMI o TTIMESNDoNNoNCT s TFLGReIFLGLl o IFLGAsJFLGBIIFL GGy
PTIFLGS s TFL36oIFLATsTFI B TFLGY9T1eT2e139764515

COMMON J15J29J35Jb 9B 3dby T sl ed0eJlledl 18125130 J}4ed150J16001T70 _
1 J185J1QeUENe 21502720 Jl3eU26+U250.076

COMMON NCTL

INTEGER 3N

REAL®EE INFINexKF oKW

P1=3.1415926535R9793

GM}=6=)

GPl=G+])

AV D2z, 5#5M]

GP1D2:=R/P]#,5

MNG=ls/6G

GM1ID6G=aM]1 400G

GR1IG=AP1I#0NG

GPN2GES=0), S#GRIIGHNNG

GOGMl=R/6vY

GORPl=a/GR1

SH5M102=N8INRT (3M102)

TNG=2,4n03%

TIGP1=2,/3P1

DDGMI=),/0M]

G2P03Ml =PI #NOS5MY

(G2GM12=,58GPOGML

NNGPl=],./3P)
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CONST NDATE = 75187 11/58/40

NOR=1,/R ‘
GR=5¢R e
MGPIGM==GPOGM]
MGP3M2==G2GM] 2
MGOSM]l==GIGM1]
TUGRIGS=(2,=0) #00G#a82
TOGU1 =P,/ 3M]
IF(INSTR(5).EQ. VGO TQ 100 . __
AP=l46,
A3=lo/"2 . U . e
GO TO 200

100 a?=1.
a3=Ae

200, COMTINUF s - . U,

¢ SFRTFS FOR UNSTFANY MASS FLUX FROM MACH NUMRFR

A(R)=MAPOGM ’
A(9)=6M102
CALL 3TNOM
CALL RFVERT
DO 220 I=1+7 e -

220 RW(I)=a(])
SRNI=DSART (400R)
IF(NCTL JEQ.7)RFTURN 1
RF T JRN
FAD
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INIT

SURIOUTINE INTT(®)
TUPLICTYT REALHB (A=HoMe0=79%)

AEDC-TR-76-39

DATE = 75157 11/58/40

COMMON ARZA(3450) 9AREATS (3) s ARFAM(3) 9TV (3501 98 (10)5E(T)4R(30) s

V TVEL(3) 9 TIELAY () o RW(T)

COMMON PCsRCoTCoACTMDCTCoFAF sEAPF oFAF sMNTSTR o INFIN, TM3065+6PO2GS s

1 SRIR

COMMON G9GM]sRP1eNNGIBPIN2»GMIN2+GPL0GsGMINGGNGPY s GOGML e

1 005M1,005P1,GPOGM] 9SGM102TOGML «TOGIMGPGMZ5TOGP] 36GPGMI A .
2 MGPOGMaM30AML sPsGRINORPT o PFRRyAWOKWODAL s ONKF o KF oKW

COMMON TSLIkTSHeTSWoTSPeTSAeTSHASTSVeCTNCTASPVPVOTSYsTAUW

COMMON TeT1eDTeTSTRoNTOR,TSTOPDONTLDTOPY
COMMON 01eA2¢A39N60A5A6,AT0ABsADsALI00AL119A1R9A139A149A159A)60A17

COMMON PN o PPy  PPT PN
=  MI) o MDE 3 MNPT o MDCT » MNDPF
= T2T o TCTO o RP s RAPT ¢ REO
= APE o AF 4 MN o Mn

9 PT o PCTO o PFO 9o MDF o
sMDTS0 sMDCTN 5 TEQ o TP s
o RCTO o ACTOoe MCT 9 AE o

COMMON PNls PPl PPTle  PDle  PTls PCTOLs PEODls MDEL,
= MNDls MDF1y MDPT1s MDCT1s MDPE1sMNTSO1sMDCTOLy TEOLs __ TPl
= T9T1, TcTOle QPle QPTls REOLs RCTOls ACTOls MCTls  AEls

= APEl, AFle . MNlo MnDl

COMMON PN2,  PP20 PRT2, PD2, PT2s PCTN2y PFO02s MDEZ2s
= MID2e MDF2e MNDPT?s MDCT?y MOPE2.MDTS02¢MDCY029  TEQ2s  TPPsy _
- TBT2, TCT02, RP2e RPY2, RENZ: RCT02e ACTO2y, MCT2e  AE2.

- APEZ2. AF2o MNZ o Mp2

COMMON PN3,  PP3, PPT3Is  PDIs  PT3s PCTO3e  PEO3s

MDE3s

= MID3, MOF3, MDPT3s MDCT3Ie MNDPEISMDTSO3sMNCTO3y  TFO03e  TP3,
= T2T3, TCT03, RP3s RPT3s RE03Is RCTO3s ACTO3s MCT3, AE3,

= AJE3, AF 3. MN3 M0 3
COMMON PSOPO0TSOTNsRSORN «MSOMO

COMMON $Yo8Y1oFY205H10X2oBDXoBEL o SF 2 FEMAX9SEP 9 SNE

COMMON INSTR(26) s TDOFRUGTINTOUT 4NPoIP e ITERoNVT (3) o1 oNToTPAGE s
INPASE oSN TT(3) 9o IMI s ITIMF oNDoNNoNCT o TFLGo IFLG1 s TFLG29 IFLG3s 1FLGAS
PIFIL G5 e TFLSATPLGT o TFILGB8YFLGDeT1)e120135746515

COMMON Ul.J29J30J69U50U60UTeJReUD0J10501)10d120J130J)149J150J160J1 70

1 J180J19042004210J220J230J249J250J26

COMMON NCTL
DIMENSTON V(30e4)
EJUTVALFNCE (PNyV(ls1))
INTEGER vV

REAL®R TNFINy«F oKW
PO 5 I=1+3

IT(1) =2
ARFATS(T1) =0,
TSA=TSWaToH
TSP=2.#(TSWeTSH)
TSwa=TgL 2750
CTA=PT#CTH#820 25
TSV=TSaeTSL
Py=TSva#pVYITSY
NTORV=ENT/OYV
RC=2C#*NOR/TC®AZ
AC=DSANT(ANRHTC)
MICTC=ROCHACRCTA
MNTSO=NCHACHTSA
DY 50 =le4

N3 10 1=1.7
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10

20

30

40

45
50

INIT
VI(1ed)=PC
DY 20 1=R,13
V(Tsd) =0,

V143J)=MITSO
V(15e¢J)=MICTC
DO 30 I1=15Ks19
V(Tted)=TC

DD 40 Y=20,23
V(TedJ)=RC
V(249J)=AC

DD 45 T=25430
V(IsJ)=0,
CONTINIIF

T=0,

Ti=0.

MN=0.,

TSTR=0

. NTO2=,.54D7

140

150
160

170

nonT=1,/0T71
MNz0,

MCT=0,

nn 160 J=1.3
T1=NVT (J)

DO 140 T=)011
TVIJe 1N =TV (s TI#TVF ()
ARFA(JeT) =AREA (I L) 2AREAM (D)
IF(TDELAY(J) ER.0,)GO TN 160
N 150 11=1,.409

1=51=11
AREA(JI)=AREA(JeI=]1)
TV(JeI =TV (JeT=1)+TDFLAY ()
NVT(J)=NVT (J)e]
CONTINUF

DO 170 I=1e3
VI(T¢25¢”2)=AREA(T01)
PSNRO=TNG2] e 306M]
TSO0T0sT0GR1 .
RSOIO=TOGAL##O0GMY
M50M0=PS0R04DSQRT(TSOTO)
MITSTR=MDTSN®USOMD
INFIN=]1,Ee70
A1=NSART (TORR1#4GPOGM] #G#ONR)
noal=1,/a1

A6=TOGPI#BGPGU] 2

AS=14/7MS0M0

ahz=} 4=PS0P0

AT=2.#GP1/7MNCTC

A8==GM\006

A9=?,#aP]
TF(ALOLFQ,0,)ALI0=TNFIN
TF(al).FO. 0a)A112,.5
IF(AI3,FR.0.)A13STNFIN
IF(AL4,FQ,0,)AL4==0,1
IF(al14,6T,0.)al4==0)4
a12=1l.=-a11 :
IF(AL5,FQ,0,N0)A18=1.N0

100

NATE

75157

T 11/5R/760
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" DATE = 75157 11754740

CINIT

TF(ALI6,FQ,0,00)A16=1,N0

TF(Al7,FQ,0.,00)417=]1,00

1PAGE=N |

NPASGE=R0

1P=0

OOKF=] ,/KF

AWO<WE 1 T8TAUNETSWA/KY

ITER=0 :

1FL 60

1FL52=)

IFLG3=0

TFLB4=0

1F1.55=0

15F1.56=0

TFLGT=0

[FLG8B=n

1FL.G9=n

ND=0

NN=(

NCT=0

J1=0

12=0

13=0

Ta=0

15=0

DD 200 I=1%7
200 E(1)=0,

TF(NCTL.EQ.A)RETURN 1

RETURN

END
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nuMp " "7 DATE = 75167 11/58/40

SJRIOUTTINET puue (=)
TMPLICTT 3FAL2R (A=HsMeN=Zs %)

COMMON AREA(3550) s ARFATS () s AREAM(3) 9TV (3050) oA (10) sE(7) sB(30) o
1 TVE(3)sTIELAY () 4RW(T)

COMMON PCoRCITC AL IMNOTC o FAFsFEAPF oFAF sMNTSTR G INFINs TM306GS9GP0O2GS
1 5GOR . .
COMMON Gs3MI e3P aN0GRPINP e GMI02 eGP INGeGMLIOGGOGP] 9 GOGMY o

1 00GM},003P)93POGM] ¢SEMI02sTOGML s TNGEMGPGM2 . TOGPL 9 GPGML2,
? MGPOGMM30GML ePeGRINORyPTsPERRsAHNKWeDNAL s ONKF o KF o KW

COMMON TSLiwTSHeTSWeTSPeTSATSWASTSVCTDoCTARPVPVOTSVTAUW
COMMON ToaT1eNTeTSTRINTO2,TSTOPOONTDTOPY

COMMON Al 9829A30A60AS A6 AToARADeAl09AL19A129A139A)49AL50A)09017
COMMON Pl . PP ¢ PPT PD PT o PCTD o PFD o MDF
= MO o MNF 5 MDPT o MOCT o MNPF_,MDTSO sMDCTO »  TEO » TP
= 10T o TCT0 AP 9 APT o PRPED o RCTO o ACTOo MCT o AE o
- A7F o AF o MN o MmN . R
CaAMMON PN PPls ©OPT1s PDY PT1s PCTOls PFEOls MDEls
= MID1e MNFly MDPT1le MACT1, MNPF1 MDTSO1sMNCTOLls  TEOLy  TPle
- T2ll. Tclol, WPly RPTLls REOls RCTOle ACTOls MCTle AELe
= APF L. AFl, UN] o M1 L. I .
COMMON PNZ2 o PP2y  PPT2e PN2e PT2e PCT020 PF02e MDE2
- MIN2.  MNF2, MDPT?2, MNCT2, MNPF2.MDTSN2eMNCTO2e _ TFO02y _ TP2, _
e Y272, 1CT07, GP2e RPTZ2, REDZ2, RCTN2e ACT02y, MCT2, AE2
- 8PE7e bBF e MM o Mn2 - [
COMMON PN PP, o073, PN, PT3s PCTN3, PF03e MNDF3,
= MID3, MNF3, MDRTI, MNCTI, MNOFIMDTS03MNCTO3y _TEO03s TPy
= T2T3, 12703, BP3s  RPTIy RFNAs RCTO3e ACTN3e MCT3s AE 3
= APE3, AF 3, MM, MnN3

COMMDN PSIPN,TSNTNGRSORND ,MSOMO

CIMMON FY o BY 1 oY o X1 o BX29FNXoFF 1 o KF 29 SFMAX s REP ¢ SDF L
COMMON TNSTR(26) s TNFRUGsTTINs TNUT NP3 [P o TTFReNVT () e ToNToIPAGE s
INPASE«®NoTT(3) o e TMI o TTIME ONNDoNNoNCT o TFL GeTFLG] o IFLR20IFL Gy [FL G4
CIFL A e TFLAA e IFLGT o TFLARaTFLGOsT10T2913014915

(S LN LN N FENEPN S NCVNL PR EANEENCENRONA R RN RN R PNV R I) LT WI VNN & SR
T JIReJIOs J2Ns J2) 9220 JC 3002490750 J26
COMMON NCTL

NIMINSTON JV(28)aVIINe4)

EAUTVALENZE (V1) edl) e (V1) ePN)
INTZGFR %N

REAL®R TNETN«F oKW

LORTCAI 4 CHARI(2) oCHARP? (P4 ?2)

NaTA CHAR)/IPSEAY o YPSTAY /S CHARZ/ISECOIGIND ¢ ¥SFYE 1o INTH v/
WRTTE(TOUTS100) (ToT=1076) 4 INSTR

100 FORMAT (109 ,416(% INSTRY12)/% %al0 (% JNSTROGI2)e2(/ P91618)) _ .

WRTTE(TOUT4120) TDEBUGSTINSTOUT 4Tl e TPAGE cNPARF ¢NP 1P TTER.I20T s
TIFLAsTFLGY o TFLG29TFLGASTFLGGeTFLOS e TFLGAs TFLAToIFLGR[FLAYoNNgNN,
P NCToITIME o NVTeT130T4015eTToMCTI

120 FORMAT (0 THF3UR TIN 10uT Tl IPAGF  NPAGF NP es
100 ITFR 12 1 TFLG TFLRL 1FLGP?  TFLGI  TFLGG  TFLGRY
Pet IFLGEY/Y 141BTT/00  TFLGT  TFLAR  TFLGY NP NN NOTe
Fot  ITIME NYT (1) NVT(?) MVT () 13 14 15 1T(1) v,

' TT(?2) 1T(3) NCT| ?
=/% V91817
WRTTE(TOUT160) TSL e TSHeTSWoriTDoPVNTSVeTALIW oKW oKF e ARFAMe TSA
1TSP e TSWAINTAW TSV PV e AWUKY

140 FORMAT (208 g 7X o TSL P a1 X0t TSH o] It TS WG 3Xet TN 12X *PVOTSV
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!
|
\

numMe DATE = 75157 11/58/40

| 1 11Xo 9 TaUd o 13Xo KUI9L14XotKF9/0 1 oBEL6,8/900,TXo9AFMI 913X o tAPMY,
213X5 TAFMP 9l IXoPTSA 313X 0TGP 91 2Xe "TCHA 913X "CTAY e AN " TSV
3¢ 1 BEIRA/P0 e TXaPVI 1IN YAWORKW I 90X 9910Xe0 L
4 10Xo? Sol0XyY | ?910Ks® 9910Xe :
5 /% "oRF16,A)

WRITE(INUT180)PCoRCsTCoPPIRPsTPoPP1sRP1s TP PPToRPTyTPTHPCT(s

1 RCTOTCTOIPEOSIREOGTFOoACACTOoMOPE oMDCT oMDE o MDF o ToTI sMNoTSTR
L2MDPT MDD PR 9PN o PTeMDIMCT o PPR2oMDE2sMDPE2 s MDF2 MNCT2 9 $EMAX s
ITSTOPs DT oPSOPOTSOTORSOROSMSOMOMDTSTRoMDTSOsMDCTCoMDCTO PERR
4oPN3IsPPIIUDFIPEO39TFOIoMNTSAISPCTO3S TDELAY

180 FORMAT (909 97X o 'PCPol4Xo RCY 914X " TCro14Xs'PPo16Xo"RPY914X,
19TPe314XePPLVo)3Xe?RPLY/e 9508F16,R/709,TXo*TPL99 13X PPTY913Xe
29QPT 913X VTPT? 412X *PCTOs 12X PRCTO 912X TCTO 913X PEQT /Y 1,

. 3BE15.8/30¢ X "RED? L L SACY L g L L]
GOMDCT9013Xe YMDES 913X o IMAF /0 $38F16,B/109sBXo T4914X00T10916Xe tMNY
SN tTSTRI 12K IMDPT 113X 'MDDPo13Xe*PNIslaXe PN/ ¢
BINV TR tPT I aNaMDIo14Xa tMETIG13X0tPP2% 12X "MDE29 12Xt MDPE2%,

T 11X "MDF29 12X e " MDCT2%/0 9,8BF16,A/°09 06Xe 'SEMAX Y 911X ' TSTOP

Al1Xe? DT ol12XePSNPOY 11 X0 TSOTO00911Xe "RSORDY911Xe sMSOMO910X,

QrMDTISTRe/ZY _*AF16,8/009:6Xs *MDTS01 91 X MDCT )1 1XatMICTO e

B 10Xe® PERR 9510Xe® PN3 9510Xe? PP3 9510Xe? MDF3 ¢510Xs

R ¥ DEQA 9/% $.RF16,8/°09,6X°TE030¢)11XeoeMDTS03%511Xs9PCTN3%610Xs

CYINELAY o 10Xt TNELAY "o 10X " TDELAY?910Xe? f9l0Xy? L2

DAEL15.8)

WRITE(TOUT200) A1 9A29A39RboASoA6oATsABsATIALNsALL9AI2sAL139A1LsA1G

e 1L ALS9AYT9A1B9A)99AP09A2) 02208230724

200 FORMAT (900 o7XotAlP014Xo0a2% 016Xy 2A39014Xe0%A809)4Xe9A575]14Xe
174699 14Xo P AT 916K 9aRY /0 T4RF)HA/ N9 TXe9AQ9914Xe*AL0%,
F13Xe"AT1%e13Xe A2 013X 0A13%013X000142:13Xo0815%9,13Xe%A1609/1 0,

4 AE16,R/900y TXe¥ALT ')A AR )X A1Q 9 X9 AP0 o) 3Xe9A2) e
5 134094229 913Xe9AP395)13X,0824%
=/ V9BE16.8)
WRTTE(TOUT2220)G96M1eGP1sGM1I0296P1029N0GeGMI0GsGP10Gs 506ML
160621 5,56M1025T0GeTAGPL00GM1 2 GPOGM) « GPGM12s TOGML
N 2ONG21eP00RGReNTO2:NTOPVLONKF s INFINsOOAL20ONT o MBNGM] o TMGOGS
3 GPI2GSeSR0R

220 FDPWAT('l'quc’G"]QXo'GMl'ol?Xo’GPl'OIZXV'GMlOE’yllXQ'GPIOZVy
1 12X9°006G*912X9?GM10G 911X 9GP10OG/%_*oBF16,R/910%:6Xs*GOGMLY,
PlIX*GNGPI e 10X e ?SGMI029,12X59T0B 512X TOGBPT s11XotNIGML Y
310X 'GRPOGMI o 0Xe tGPGMI20 /% P5BE16,B/2056X99TNGM1 910X *MGPGM2 %,

4 I0Xe'MGBPIGMIS 11X 0NGPleo13Xe tRIS1I4NINDORIS13NeIGRISIINSIDTOR/
B9 19RETReB/I00 6K NTOPVI 11X ?ONKF 912X "INFIN?2a11Xe700a1%,
6 12%99NNDT 511X " MGOGMLI 10X 9 TMROGS Yy 10Xv 1GPO2GS/Y ", AF)6,8
T Z710%aax9?2SGOR]Y
= /% VoRF1A,R)
WRITE(IQUTs260)V e . R -
250 FORMAT 90V FQJIVALFNCE AQQAY")S(/' "98E16,8))
WRITE(TOUT9240) (191=)0e7) gR¥. S
2640 FOQWAT('O'OT(SX"QW('OII")'OSX)/' '97E1668)
NINSTR=26
DO 1000 1= IONIVSTQ
IF(T.EN,12)HWRITF(TOUTs4090) . e

430 FORVMAT (1)

WRITE(TOUT«500) I INSTRI(T) JR —

B00 FORMAT(90TNSTR(97124%)=0,17)

¢ 1 2 3 6 .5 6 7 .8 .9 10 1) 12 13 & 15
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nuMe DATE = 75187 11/58/40

¢ 1 17 18 19 20 21. 22 23 24 25 26 27 28 29 130 31
GO TO(R105520:530:540550056095705580959096000010:620063006602650
'1,6609670.590.590-700.710.7?0.730.740-7%0'760
= )ol e
510 WRTTE(TNUT»511) INSTR(1}
511 FORMAT (1+7,20X9 *SEND NDERUGGING QUTPUT TO DSRNU.13)
GO 7O 1000 *
520 WRITE(IOUT521).INSTR(2)
S21 FORMAT(?49,20Xs "ORTATN TNMPUT FROM DSRN?,13)
GO TO 1000
530 WRITE(TOUT,531) INSTR(3)
531 FORMAT(%49,20X99SEND_REGUL AR NUTPUT TO OSRN' 913)
GO TO 1000
5640 WRITE(TOUT,541) INSTR(4)
" 8641 FORMAT(1+1520Xs *PRINTING TIME INTERVAL:®s13}
60 TQ_)000
S50 WRITE (TOUT+551) CHAR] (INSTR(ST)
551 FORMAT(149,20Xs ' INPUT_ANN OUTPUT PRESSURES IN %9A4)
GO TO 1000
_..560 IF(INSTR(5) .EQa0)WRITE(I0OUT 562}
TF(INSTR(S) NFE.O)WRITE(TNUT+561)
56) FORMAT(1+9.20X%sPRINT DaTA AFTER FVERY YTERATIONS®)
562 FORMAT (+9,20Xs'PRINT DATA ONLY WHFEN CONVERGENS®)
60 TO 1000 o
ST0 IF(INSTR(7).EQo1)HWRITE(1OUT,571)
. IFLINSTR(7) ,ER2)WRITE (INUT572)
571 FORMAT (9¢9,20Xs*LTNEARLY FXTRAPOLATE TO NEXT TIME INTERVAL AS AN I
INITTAL GUESSY)

577 FORMAT(1e7,20X5900 NOT EXTRAPOLATE TO NFXT TIME INTERVALS®)
GO TO 1000 .

580 WRITE(T0UT+581) (CHAR2(J93=INSTR(8)) 9J=1+2)
581 _FORMAT(149420Ks*USE ¥ 02A40% DEGRFE REVERTED SERTES aS INITIAL GUES

1S T2 MASS FLUX=MACH NUMBFR WAVE EQUATIONY)
GO 7O 1000

590 TE(INSTR(9) ,EQ.1IWRITE (10UT+591)
1F (INSTR(9) EQ, 2) WRITE({10UT $592)

591 FORMAT(149,20X9tUSF TTERATIVE SOLUTION TO ENFRGY AND WAVF EQUATTON
15%)
592 FORMAT(949,20Ks 'USF APPROXTMATE EXPANSIONS FNR ENERGY AND WAVE EQU
1ATTONSS)

GO YO 1000
600 TF(TNSTR(10).EQ.0)WRITE(TOUT601)

TF(INSTR(10),EQ. L)WRITE(TOUTo602)
TFOINSTR(10) FQ.2)WRITE(TOUT2603)

601 FORMAT(141,20Xs D0 NOT INVOKE AVERAGING OPTIONY)
602 FORMAT (v49,20Xe PAVFRAGE VALUES OF CURRENT ITFRATTON WITH AVERAGE V_

YALUES OF PREVIOUS ITERATTON®)
6503 FORMAT (949 ,20Xe *AVERAGE valLUES OF CURRENT JTERATION WITH UNAVERAGE

1D VALUFS OF PREVIOUS TTERATIONY)

60 T0 1000
610 WRITE (TOUT¢611) INSTR(11}
61) FOPMAT(*¢¢,20Xs *CURRENT WFIGHT 1S HALVED BEYOND ¢977+% TTERATIONS®

1)

GO TO 1000 _
620 IF(TNSTD(le),EO IHRITE(TOUT621)

IFCINSTR(12) o NEL1)WRITE (TOUT9622) (INSTR(12)oJd=192)
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621 FORMAT(%¢9o20Xs'ND NOT TNVOKE ERROR CUTTING OPTION®)
622 FORVAT(920920Xe'DIVIDE FRRORS BY?e1399 WHEN TIME=DIFEERENCES ARF |
1E5S THAN®,13,¢ TIMFS THE FRRORS?)
GO 70 1000, _ .
630 TF(INSTRI13).,EQ.0)WRITE(TOUT+631)
~ . IF(INSTR(13).NE.OIWRITE(YOUT9632)
63) FORMAT(0¢9,20XsPRINT ALL DATAY)
632 FORMAT(9+9920Xe "PRINT OM Y TIMES AND PRESSURES?)
G0 7O 1000
660 IF(INSTR(14).EQ,1IWRITELIOUT264])
TIF(INSTR(16) 6T, 1)WRTITE(TOUT+642) INSTR(14) 9 INSTR(12)
6641 FORMAT(v+1,20Xe D0 _NOT_TNVOKE DT=RAISING OPTIONY)
642 FORMAT(9¢9,20Xs?SFT NT =0,1399#0T [F TIME=DIFFFRENCFS ARF LESS THA
. INvg73e¢ TIMES THE FRRORS)
0 TO 1000
_650 _1F (INSTR(15) .EQ. 03) WRITE(INUTe651)
IE(INSTR{15) ,NE.03) WRTITF(IOUT,652) INSTR(15)
651 FORMAT (%¢9020XstN0_NOT _READ SOLUTTION FROM PERMANENT NATA SET?)
652 FORMAT(9¢9920Xs *RFAD SOLUTTON FROM PERMANENT DATA SETe913)
G0 10 1000
660 WRITE(INUT+661) INSTR(16) L L e
661 FORMAT(729,20XeFTIRST RECORD TO BE READ:?916)
GO TO 1000
670 WRITE(IOUT.671) INSTRUIT)
671 FORMAT(9¢9,20Xs 7L aST RECORD TO BE READ:®,14)
GO _TO 1000
680 IF(INSTR{18) .EQ. 03) WRITE(IQUT.681)
. _IE(INSTRI1B) NFa.03) WRITE(TIOUT682) INSTR{1A)
681 FORMAT(*¢¢,20%s°D0 NOT WRITF SOLUTION ON PERMANENT DATA SET*)
682 FORMAT(9¢9,20Xe'WRITE SOLUTYON ON PFRMANFNT NDATA SET?.13)
G0 0 1000
690 HRITE(10UT+691) INSTR(19)
691 FORYAT(969,20Xe9FTRST RECORD TO BF WRITTENS?o14)
G0 7O 1000 . ___ . __
700 IF(CINSTR(L11) oNE.0)-ANN.(INSTR(20).NF.0)) WRITE(IOUT.T01) INSTR(2
@0y . .
TF((INSTR(11) .EQ.0) oOR, (TNSTR(20) ,FQ.0)IWRITF(TOUT,702)
T0) _FORPMAT (909,20, P INCREMENT YNSTR(11) BY 9913,% WHENFVER WEIGHT 18 H
@ ALVED?)
702 FORMAT (v29,20X5°D0 NOYT_MODIFY INSTR{11)¢)
GO TO 1000
710 IFCINSTR(21) .ENe0) WRITE(IOUTST11).
TF(INSTRI21) NF.0IWRITE(TOUT,712)
711 FORMAT{9¢%420Xe°D0_NOT _CHANGE FEXTRAPOLATION OPTION (INSTR(7))%)
712 FORMAT (909,20Xe? TNVAKE FXTRAPOLATION OPTION (SET INSTR(T7)=2) WHFN
SWEIGHT 15 MALVED®) . _ . i
GO TO 1000
720 WRITE(IOUTe721)INSTR(22). . ..
721 FORUAT(909420X9*SET INSTR(23)=2 WHEN ITER >=9,17)
. _ 60 TO 1Qo0... . i
730 IF(INSTR(23).EQR,0)WRITE(TOUTS731)
JF(INSTR(23) E0, 1)WRITE(10UT732) _
TE(INSTR(23) ,FQ.2)WRITE(TOUT9733)
731 FORMAT(9+¢,20X9 DN NOT_USE_SMALL PERTURAAYION EXPANSIONS®)
732 FORMAT(969,20%s USE SMALL PFRTURRATTON FXPANSIONS 4S INFTTIAL GUESS
e ) FO NEXT TIME INTERVAL®)
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733
740

761
742

750

751
7152

750
181
1000
1110

1020

1060

- I1=0 e e e

puMe DATE = 75157 11/5R8/740

FORMAT (149520 YUSE SMAL| PFRTURAATION FXPANSION 8S SOLUTION?)
62 70 1000 _ :

TF{INSTR(24) .60, 0 WRITE (TOUT9741)
IF (INSTR(24) (NE,0)WRTITE (TOUT0T62)

FORMAT (10%520X%s YRFSULTS FROM SMPFRT NOT PRINTEDY)
FORMAT (229920Xs "RESULTS FROM_SMPFRT_ARE PRINTED')

G0 TO 1000
IFCINSTR(25)2EQa 1) WRITE(TOUT 751} .

IFCLINSTRI?5) EQR.2IWRITE(TOUTe752)
FORMAT (12 0520Xs PASSUME PLENUM 1S ISENTROPIC)

FORMAT (9¢9,20Xe*SET TP AND TPT = MAX(TSEN TP.TCTO0) )
GO TO 1n00

WRITE (TOUT761) INSTR(26)
FORMAT(9¢9020X9 *REVERT 10 FXACT SUPERSONIC_SOLUTION ®417+¢ TIME TN

1CREMENTS AFTER CHOKE ) o
G2 TO 1000

CONTENUF
WRITE(TOUT1110)()eJU=1926)9JV . e
FORMAY (P19026(% Jts12)/1 14132(=0)/0 1,42615)

00 1020 I=1.3

TEANVT (1) .GT. T I1=NVT(])
CONTINUE
WRITE(TOUT91060) ({dsT=142) 0d=103) o (o (TVIJe1) 2ARFA(JoY) s J=102),

1 I=le1Y)

FORMAT (¢0FLOW AREAS VERSUS TIMES/90  J9,3(5Xs°TV(*51)e%sf) s

1 AXeVARFA( oIl ?oT)?93X) /0 1990(0=0)550(/* *sTAs6E1AR))

IF(NCTL EQ.A)RETURN 1
RETURN

END
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SUBROUTINE: SOLNER ()
_IMPLACTIT REALYS (A=HoM9Q=798T
COMMON AREB {3¢50) s AREATS{3) sAREAM{3) s TV(3
L. TVE(3) e TIELAY(3) s RW(T)
COMMON PCoRCoTCIACIMDCTCoFAEIEAPE oEAF sMDTSTR INFIN9TMS OGSQGPOZGSO
1 SGOR . _
COMMON Gs5M1sGPLI900GGPIN2sGMI02eGPI0GIGM10G:GOGPL 9GOGM] ¢
_1 00GM1.00GP)GPOGMLsSGMIN2TOGM] e TOGIMGPGMP2 e TOGP] o GPGYL 20
2 UGPOGMsMGOGML oR9GRsONRsPT+PERRs AHOKWsO0AL e OOKF o KF oKWY
.. COMMON TS 15 TSHoTSHoTSPITSAsTSHATSVCTDCTAIPYPYOTSYaTAUY
COMMON ToT]1eDToTSTRoNTUR2,TSTOPOONTDTOPV
LCOMMON AL oA29A3sA%9A5sA60ATsARSA9sAL0sA)19AL29A)39ALG9ALSsALE0817

sA{10) oF (T 9B{30) 0

COMMON PN o PP o PPT o PD PT o PCTO o PEO o MDE o
« MDD o, MDF ¢ MDPT s MDCT o MDPE oMDTSO oMDCTO o TFO o 1P _»
= TPT 4 TCTo » RP ¢ RPT ¢ REO o RCTO o ACTOs MCT » AE
__.= _APE o AF o MN o MD
COMMON PN1s PPls PPT1, PDYe PTle PCTOls PEOle MDEls
=__MNDly MDF1le MOPTls MDCTle MDPE)oMDTSO1eMDCTOle TEOl, TPle
- TOTle TCTOl, RPls RPT1p REOls RCTOle ACTOly MCTlo AElo
= APElg AF ) MN] o MD1
COMMON PN2 o PP2y PPT2y PD?e PT29 PCT02y PED2e MDE2»
= MND2, MDF2s MDPT2¢ MDCT2¢ MDPE2oMDTS02oMDCT02¢ TEO02, P2y
= TPT2, TCTO02s RP2¢ RPT2¢ RE02¢ RCT029 ACTO02¢ MCT2e AE2+
.= _APE2s AF2, MN2 o MD2
COMMON PN3 PP3, PPTI, PD3. PT3s PCT03¢ PEO3y MDE3
= __MDD3, MDF3s MDPTIs MDLTIs MDPF3I-MDTS03:MDCTO03:  TFO03g 1P3s
= TPT3, Tclo3, RP3y RPT3¢ REO039 RCT03e¢ ACT03e MCT3y AE 3,
= APE3, . aF3, MN3J ¢ MN3

COMMON RPSHPO,TSOTOyRSORO,MSOMO

COMMON $Yo8Y)1oBY20FX]1o8X2oSNXoSEL9BE2s$EMAX¢SEP» $DE

COMMON TNSTR(26) ¢ TDFRUGsTINoTOUToNPoIPoITEReNVT(3) o ToNTo1PAGE
__INPASEsENo 1T (3) o JoTMLloTTTIMFEoNDoNNoNCTeIFLGoIFL GleIFLA2 IFLGI1FLGo

2IFLGS o TFLBOTFLGToIFLGBTFLAY9 110125139 14915
B . COMMON JloJ2eJ3odbeJSeUbeTadBeU0eJ109J110J120U139J140J1659U160J)70

l J1BeJ199 J20e4219J220U235U269J259J26
... COMMON NCTL . . __

INTEGER %V
AREALPS TNFINKF oKW

C ELLTPTIC ENFRGY EQUATION GIVING PRESSURF FROM MaSS FLUX
CBUESS1(N]1)=PSDOPO+TFLG22A64NSART (1.-(AS5%D]) #82)
ELLIPTTC ENFRGY EQUATTON GIVING MACH NUMBER FROM MASS FLUX
L __GUFSS2(D1)=NSART ((GUFSS]1(N1)%%a8 =1,)4T0GM])
ELLIPTTC ENFRBY/ZCONTINUTITY EQUATTON GIVING MACH NUMBER FROM AREA RATYO
.. BUESS3(D1}=6UES52(1./D1}
APPROXTMATF UNSTEADY WAVE EQUATION GTVING MACH NUMBER FROM MASS FLUX
GUESS4(D1)=00GP1#(]1.=NSART(1,=A9%D]1))
$0X=,0601
.. B0 TO_(10+20930940)1FLG
10 $X1=GUFSS1(SY)
GO _T0 50
20 TF(SYLRBE.MSOM0)IGO TO 25
$X1=GUFSS2(8Y)
60 7O 50
25 §X1=l,n0 _
§N=0
RETJRN

(o}
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SOLVFR NDATE = 75157 11758740

730 $X1=6UFSS3($Y#AS)
6G0_10 50 _

60 IF (INSTR(8) .EQ.1)GO TO 45
_$X1=6UESSe(SY)

G0 TO %0
.65 $X1=Qa
DO 46 T=l,7
_ .46 SX1=PX1+RU(I)BEYHR]T
50 IF{INSTR(B).EQ.2)RETURN
. _WRITE(INE3UGe100)$Ys8DXeREMAX
100 FORMAT(?® SOLVER/10SY=VoF16,8e% SNX=19F16.80% SEMAX=?,F16,87
180 NP eSXe X(N) o) 0Xe 9Y(N) DX ?X(N=1}"oBXe 'Y (N=1)oQXsF(N)®s
? X TEIN=1)910Xo'DEg12Xs VEP 412X tDX1 /0 #4132(0=9))
$N=0
120 GO TO(1100:120041300+1400)51FLG
130 $E1=(%Y=-5Y1)/8Y
IF (SN NF0)GO TO 180
160 $SE2=8E).
$Y2=8Y1"
e 3422841
X1 =5X2459X
160 SN=6N+1
GO TO 120
180 SEP=SE1e$e@
$DF=DARS(8FE1)=DABRS (SF2)" .
e MRITE(TNEAUG2 2001 SNoSX) 9 8Y) o $X2o3Y2,5€) 9 SE2sSDFsSEPSNX
?00 FORMAT (Y *9T73,9F14,.6)
1F(JABS($51) LE,SEMAX)RFTURN
IF($EP.GT.0.)60 TO 220
$DX=z.5#80% __ .
210 $X1=8X2+%9X
. 60 .10 1560
220 IF($SDELT,0.)50 TD 140
$OX==BDX. . .. . . .
G0 TO 210
C ENERGY EQUATION GIVING _MASS FiUX FROM PRESSURE
1100 $Y1=8X14470G=3X1%2GP10G
$Y1=USORY($Y1)
GO 70 130
€ FNFRGY EQUATION GIVING MASS_ELUX FROM_MACH NUMBER
1290 3Y1=28X1#(),+GU10286X]1#02) a8MGPGM2
GO TO 130
C AREA RATIO VEQSUS “MACH NUMQFD
1300 SY1=(TNGP1# (), 2GMIN2REX 1 ##2))&#GPGMI2/SX])
GD TO 130
C UNSTYFADY MaASS FLUX FROM MACH NUMBER
1400 $Y1=28X18(1,¢GU1IN22%X]1) 2aMGPOGM
60 YO 130
ENR
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PRINT NDATE = 75157 11/58/40

SUBROUTIN®: PRINT (#)

IMPLICYT RFAL#B (A=HoMo0=7+¢%)

COMMON AREQ (3050) s ARFATS (3) sAREAM(3) 9TV (39501 5A(10)9E(T) 9B (30)
1 _TVE(3) o TNEL AY (3) 2RE(T)

COMMON PCoRCoTCoACIMNCTCoFAFsEAPF oEAF sMNTSTR o INFINe TMBOGS e GP02GS

i
|
l
|
|
i
],
e

COMWON GPaMlOGpl’OOGOGPI0?OGN]O?’GDIOGOGMlOGOGOGpl'GOGMI0
..-1_D0GML.005P) s GPAGML e SGMIN2 . TOGM
2 MGPOGMoM30GM]1oReGReNORsPIePERRoAWOKHoOO0ALl 0 OOKF o KF o KW
__COMMON. TSLIsTSHeTSWe TSP TSAsTSHA9TSVeCTDoCTALPYPYOTSVoTAU
COMMON ToT1eDTsTSTRINTO2,TSTORP,00NTH0OTOPY
_ .. COMMON AlsA2+A39A69A5A6AT9ABsAD9A100A112A)2P+AL30A1B0A1S0A)GeALT
COMUON PN o PP o PPT o PD o PT o PCTO o PEOD o MDE »
=_ MDD o MDF ¢ MDPT o MDCT o MDPE sMDTSO oMDCTO o TEQD o IP_»
= TPT o TCTO o RP ¢ RPT 9 REO o RCTO » ACTO» MCT » AE 9
L= __APE o ___AF o MN_ o MD
COMMON PN1, oPle PPT1 PNy PTle PCTOle PEOls MDEl,
_=_.MDID1l,  MOFlo MDPTLe MDCTLle: MDPF]1MDTS01eMDCTOLle TEOL, iPle
= 718T1, Tcloloe RPl1o RPTle RE0l1s RCTOle ACTOle MCTlo AEls
_.=__APEle AFls MN] MOl
COMMON . PN2s PR2e PPT2y PD?s PT2e PCT029 PEO02e MDER2s
L= _ MND2, _VOF2. MDPT2e MDCT2e MOPE2,MNTS029MDCT02e. TEORe .. TP2,
= ToT2, TCTO02s RP2s RPT2s REDN2s RCT02e¢ ACTN29 MCT2, AE29y
. =._8PERe  AFRe_ _MN2y  MD2
COMMON PN3, PP3y PPTI, PD3e PT3e PCTO3e PED39 MDE3I
= MOD3y MDF3, MDPT3e M MDPEIIMDT
= TPT3, TCTO03e RP3s RPT3y RE03e RCT039 ACTO039 MCT3Ip AF 3
= APE3Je  AF3e__ _MN3e Mn3
COMMON PSOPN,TSOTOsRSOR0 ¢ MSOMO
CCOMMON. §Y23Y198Y298X1 98X2e8DX9FE) 0SFE29SEMAX9SEP 9 SDF
COMMON INSTR(26) s TDFRUGs TTNs TOUToNP s IPsTTERWNVT(3) o1 eNTH1PAGF»
o INPAGESSNeIT(3) s e IMle [TIME sNDoNNoNCT o IFLGoIFLGLo IFLG2e IFLG3s IFL Gho
2IFLGSeTFLG6eTFLGT s TFLGBsTFLGO 9119729130 14015
COMMON _J]1¢J29 3969 U59J60J79JR U1V J]1eJ120d ngqlégJLSoQIngl 9
1 J189J199 420042150226 023024002506 426
COMMON NCTL
DIMENSTON V(2606)
EQUIVALFNCE (PNsV(1,1))
INTEGER %N
REAL®8 INFIN¢XFoKHW
JP=1Pe}
IF(TP.NFoNP)RETURN
1P=0
e . 11201 6=1
TF(TNSTQ(13).VF O)GO TO0 300
IF{IPAGE.EQ.0}GO TO 100 _ _ _ . ___ _ __ __
JF(TPAGF LT, NDAGE)GO 70 140

120 FOQWAT('I'oﬂXo'T'cl?Xo'TSTR'013XO'T1'vl#X.'PT'leX,'Pp"lQXv

_1'ON 014X PN 1AX PPTI oAXs TND/ Y 9 ,6XotPCT09213Xe 'PEDT 413X, IMCT Y
=29]13Xe MDY
2918X9 TMNT 13X e 'MDET 912X o SMNPTI913Xp * MDD o BXs INMI/? o TX TMDF 913X
3o tMIET 12X e tMOPE . 12X "MDNTSN 911X 9MDCTO 012X,
4OTPOS)16XeTPT 01300 ' TFOP o TXoOINCT /! 256X 'TCTO®
5 13XotRP P g 14X RPT? o1 3Ke'RENT91I2Ko*RCTOV 013X 9AEY914Xo PAPE Y
OI3INGPAF I 9 TXGVITERY /Y 1 oT(AXe'E(297100)096X)0eS5Xe® DT  €96Xe?J16*
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PRINT NATE = 75157 11/58/740

T 14132(1=0))
_.___1PAGE=s

140 HRITE(TOUTolﬁo)TvTSTRoTloPTvPPvPDqPNoppToNDoPCTOoPEOo*CToMDoMN'
lMDrT'MﬁpTcMDnoNNOMDF'MDF.MDPEQMDTSOQMUCAD’YP'TPT'TEOOVCTOTCTOORPQ

ZRPTOREnORCTO'QRFATS'!TEROFQDT'II
180 FORMAT (S5(/? _1,BE16,6916))

1PAGE=TPAGE+6
REVJURN

7300 1F(TPAGF.ER.0)GO TO 320
JF(IPAGF o LT,NPAGE)GO TO 360

320 WRITE(T0UT,340)
340 FORWAT('1'16X,'T'JIIXQ’QPT'QIOXQ'ISTR'oIOXQ'PT'leX"DP'LIJXQ

1'PNITIIXotPNY 10X tPEQ10Xs "PCTO /Y 95132(¢=7))
1PA3E=2

360 URTTE(YOUTQ?BO)TyPPToTSTRoPToPP'PDoPNQPEOOPCTO
380 FORMAT (Y 9¢9E13,5)

IPASE=TPAGF+]
IF(NCTLoEQ.10)RETURN 1 .

RETJRN
e END
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COMMON GeBGM]1oBP1eN0GGPIN2eGM102sGP106GoGM10GsGOGP1 9GOGMY s
—-1.90GM15005P1 + GPOGM] s SGM102: TOGML 1 TOG e MGPGM2 TOGPL 2 GPGYL 26

AEDC-TR-76-39

RINOM DAYE

= 75157

11758740

SURIOUTINE: RINOM(#)
IMPLICIT_REALLH (A=HeM9o0=ZoB)

COMMON AREA(3+50) s ARFATS(3) s AREAM(3) o TV (3050) oA (10)9E(T)sB(30)

1 TVEA(3) s TOELAY {3) sRUW(T)

COMMON PCoRCsTCoACIMNCTCIEAEEAPE oEAFsMDTSTR INFING TMGOGSsGP02GS

2 MGROGMoMG0GML oR9GRINCORPTsPERR s AWOKY 0004 s OOKF o KF o KW

COMMON TSLInTS4eTSWeTSPyTSAsTSWARTSYeCTDCTALPVPVOTSVTAUM

COMMON ToT1eDToTSTReDTO25TSTOPS00DTDTOPY

COMMON AlsA29839AG9A52A69ATsARsA99AL09AL19ALPA)39AL49ALS9ALE9ALT
COMMON PN o PP ¢ RPT o PD .4 PT o PCTO o PED o
_m MDD e MDF s MDPT o MDCT o MDPE oMDTSO oMDCYO o TEO o

MDE o
1P 9

- 191 4 Telo AP ¢ RPY ¢ RFEO 9 RCTO

.= ARE o AF o MN MD
COMMON PN1s PPles PPTl, PD1,y PTle PCTOle PEOLS
= M3Dly MDOF)e MDPTle MDCT1le MNPE]oMDTS01eMDCTOle TEOLe
= T8Tlg TCTO0l, AP1s RPTle REO1, RCTOls ACTOls MCTl,

10

15

20
30

40

ACTO0s MET

AE o

MDE1 s
TPl

= APEle . AFle MN1 e Mp1

aEle

COMMVON PN2y PP2s PPT2, PN2s PT29 PCT020 PEOD2s
= MOD2, MDF2, MDPT2. MNCT2, MDPE2.MDTS02eMDCT02s TEQ2,

MDE2 ¢
TP2¢

= 1272, TET02, RP2s RPT2s RED2s RCT02s ACTO02: MCT2,

= APE?, AF2y __MN2, _ MQD2

AE2,

COMMON PN3, PP3s POT3, PD3s PT3s PCT03s PE0Js
= MOIN3, MDF3, MDPTIe MNCT3. MDPE3I MDTSO3.MDCT03, TEOI,

MDE 3,
1P3s

= TP13, TCT03, RP3s RPT3s REO3e RCTO3»

= APE3J, _ AF3, _ _MN3,s MD3

ACT03s MCT3»

AE3,

COMMON PSDIPNsTSOTO«RSORO0 4 MSOMO

COMMON ®Y,8Y198Y298X%] 98XP2oBDXoSE) o SE2eSEMAX 9 BEP o SDE

COMMON INSTR(26) s TDFBUG TINsTOUT NP IP, TTERINVT(3) s T+NTHIPAGE

INPASE oSN TT(3) oo IMLoe TTIMENDoNNNCToIFLGoIFL GloIFLG2o1FL GIo1F) Gbo
2IFLG50TFLG69 IFLGT s TFLGBeTFLG99119072+13576015

COMMON J19U25J3:U6sJ59J65U7 gdBﬁJOngOeJlledlEgQ 35J)40J150160,J17¢

1 J188J1991200J219J220U239J249J25+.426
COMMON NCTL

INTEGER $N
REAL#B TNFINgKFoKY

1=0
a{li=1,

T=1¢1
IF(1.6T,6)G0 10 20

fMl1=1=]
A(Tel)=alI)®(A(R)=IM1)/]1

WRITE(TDERUG15) ToT1sTM1

FORMAT (9 T=%o17e8 JTl=to1T7e% IMl=0,17)
GO TO Y6
HRTTE (IDERUG.30) A

FORMAT (103TNOMI/0 1510E13,5)
NO 40 T=1.7

A(T)=A(TIRA(D) #R(T=1)
WRITE(TDEAUGS30)A o ]
RETJRN o
END
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REVERTY DATE = 75157 11/58/740

SURIOUTINE: REVERT (#)

CIMPLICTT QFAL#B (A=HoMeD=70%)

COMMON ARZA(3950) s AREATS (3) ¢AREAM(I) 9TV (3950) sA(10) 0B (7)1 0B(30)

1 _TYE(3) 9 TOELAY (3) oRWAT)

COMMON PCeRCsTCoACIMNCTCIEAFESEAPESEAF sMNTSTR, INFINy TMG0GSsGP0O2GS
1_SGOR .
COMMON GsGM1¢GP190NGsGPIN2sGMIN2sGP10GsGM10G,GOGPT s GOGM] o
1.00GM],006P1 2 GPNGM] 2 SGMIN22TOGM)L s TOGIMGPGME, TOGP L ,GRPGUL 2,
? MGPOGMMGOGM]L sReGReNDORPTIPERRAWOKH 900A1 s DOKF o KF oKW

COMMON TleoDToTSYﬂonTOZqTSTOP»OOnToDTOPV
COMMON Al gA29A30AGoAS9AH,ATeABIADsAL0+AL19AL29A)130A149A)508160A17

COMMON PN PP o PPT o PD PT o PCTO ¢ PED o MDE o
L= _MOD_,  MDF o MOPT o MDCT o MNDPE oMDTSO sMDCTO o TEO o P
= TOT o, TCYO o RP 9 RPT 9 REO o RCTO o ACTO0¢ MCT o AE

__.= _APE o AF MN o MD
COMWON PN1, PPle PPTls PD1le PTle PCTO1ls PEOly MDEL,
= MDDl,y _MDFle MDPTly MDCYle MNPE1oMDTSO1oMDCTOLle TYEQLs IPle
= TDTIQ TeTol, RPls RPTle REODL1s RCTOls ACTOle MCT1, AELl,

= APEl, AFlse MN1e MOl
COMMON PNZ2 o PpPZ2e PPT2y PNZo PT2s PCT020 PED2, MDEZ2s
.= _MID?, MDF2., MDPY2y MDCT2e¢ MDPE2,MDTSO2eMDCTO2e TEO0Z, P2,
- TPT2, TCT02: RP2y RPT2s RE02» RCT02s ACTO02¢ MCT2o AE2,

_=__APE2,  AF2, MN2s MD2
COMMON PN3, PP3s PPT3I, PD3, PT3e PCT039 PE03y MDE3,
=_ _MHD3, MDF3, MDPT3, MDCT3s MNPEI,MDTS03oMDCTO3e TEOI, 1P3,
= TPT3, TLT03, RP3, RPT3Is REOD3e RCT032 ACT03e MCT3, AE3,

- APE3, __ AF3s  MN3s _ MD3

COMMON PSOPO.TSOTOvRSOROoMSOMO

_COMMON SY9$Y1?5Y29$X1vSX?qSDX9$ElvSEZvSEMAXoﬁEP’SDE
COMMON INSTR(26) 9 IDEBUGs TTNaIOUTeNPo IPs ITER NVT(3) o TsNToIPAGE s
INPA9€'$NOIT(3)QJOIMl9ITYMF'NDqNNoNCT’YFLGvIFLGiOIFLGzlifszoiFLG§14,
2IFL G50 T1FLGOoTIFLGToIFI.GBeTFLGO9T1012013014915

. COMMON J1,J20J3eJ60J59J60UT6JB5J29J10s4119J125J1300169J150J16017e
1 J184J199J209J210U229J€30U249J250UP6

INTEGER %V
LREALEB INFINeXFeKY
B(l1)=1,/A(1)
R(2)==a(2)/A(1)2#3 .
B(3)=(2,%a(2)eu2=0(1)4A(2)) 7A(}) 005
Bla)E(R, #A(1)8A(2)4A(3)=a(1)8%208 (4)=5,0a(2)003)/p(])00T]
B(5)S (.80 (1)8022A(210A(6)¢3a2A(1) 80200 (3)Re241164,8p(2) 484
A_All1)883%a(5)=2].%a(1)%A(2)2%28A(3))/A(])"%9
BIAYS(7,90())0d3RA(2)2A(R)+T.#A(1) 0830 (I 0A(4)284,%A(1)08A(2)%e
S8 FA(3) oA ()HR6RA(h) 2B A (1) 08204 (2)BH20A(4)=20,% (1) %200 (2)
C #A(3)ougab2,ua(2)445)/A(1)0e]] ]
BT)I=(R,2A(1)944%4(2)2A(R)+R.PA(1)4242A(I)OA(5) ¢4, ,2a(1)enéna(s)aep
A el2U.oa(1)us22a(2) 88388 (4)+180,2a(1)2222(2)88208p(2) 003,
B 132,95 (2)886=p(1)2852A(7)=36,2A(1)8%304(2)2828A(5)=
C T2.%A(1)8e388(2)%A(3)2A(4)~12,2A(1)9038A(3)283-330,%a(1)RA(2)
D_»e6®A(3))/a(1)8®13
DO 10 1=1,7 :
10 A(T)=B (1) o
WRITE (TDE3UG.20)A
*910F13.5)

RETURN
—END____ .
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SMPERTY DATE = 75157 11758740
SURR0UT INE SMBERT (#)
TMPLICYIT EAL®R (A=HsMeD=7¢%) P
COMMON AREA(1950)-APFATS(?)9ARFAM(?)9TV(3050);A(10)0F(7)o?(30)v
1 TVF(3) o TOELAY (3) oRW(T) -
COMMON DC.RCQTf9AC9MDCTCeFQFOFADFOFAF’MUTSTR'INF]NQYMuO’S!GPO?GQO
1 SGOR R
COMMON GoGM1aGPTs00GBPIN2eGML029GP10GsBMINGaBOGPY 9BOGMI 6
1 003M1.005P) ¢GPOGM] »SGMIN2eTOGM) e TOGIMGPGM2,TOGP) s6P6GM12,
? UOPOGMaMGORML oP9BReNNDRGPT o PERR o AWOKWoONAL 0 ONKF o KF o KW .
COMMON TS L 1s TSHsTOWeTSPoTSATSHATSVeCTDeCTASPYPVOTSVeTAlW
COMUMON ToeT1oDTeTSTReDTOP2,TSTOPDONT»DTOPY
COMMON A1 aAPoA39NGoASAbaATIARIADsA100A1T0AL20A139A14eAYR0A169AL1T
COMMON PN o PP ¢ OPT PD o PT o PCTO o PEOD s MDF o
= MAD o MNF 5 MDPT o MOCY o MNPE_sMDTSO oMDCTO o TFO o TR o
- T2T o TCTO o AP o RAPT o RED ¢ RCTND o ACTOs MCT o AE ¢

ARPE o AF MN s . MD

COMION PN, PP1s PPT1, PN, PTle PCTOLls PFOle MNFl,
= MI0l, MDFle MDPT1le MDCT1s MNDPFleMDTSO]eMNCTOle  TEOQLly . TPle _.__.
- J2I1, TCl0l, RPle RPT1e KEN1y RCTOle ACTOle MCTle AEle
=  APEl, AFly MNLe . MDY L L i S,
COMMON PN2, PP2e DPRPTPs PN2s PY2¢ PCT02s PED2s MDFE.
- MIDZ2, MDF2, MDPT2s MDCT2y MDPE2oMDTSO029MDCTO2y _TE02.___ TP2e
- 0272, Tcv02, AP2, RPT2, 'RED2e RCTO02¢ ACTN2s MCT2s  AE2,
- APE2, AF2e MNP ¢ 1Mp2 . R
COMMON PN3, oP3e  PPT3. PN,y PY3s PCT03s PEO03e MDE3,
- MIN3. MDF3, MDPT3. MDCT3y MDPEAMDTSO3oMOCTO3y TEOD3, TP3e
- IPT3, TCTO03, QP3. RPT3s, RF03e RCT03e ACTO3e MCT3, AE3.
- BRF3, AF3, N3, Mn3 . o

COMMON PSIPNTSOTNRSNRN e MEOMD

COMMON BYebY]1oBY20FX 1 0 X2 e SNKsUEL o SFP e SFMAXKeSEPSNE . —
COMMON TN%TQ(?ﬁ)9YHFRHGv7YNvIOUTeNpaIPvTTEQvNVT(3)vTvVTo!pAGEv
INPASE 9% o TT(3) o o TM) o TTIMEeNNoNNeNCTsIFLGoIFLG) 9 IFL G2 IFLG3sIFL GG
PIFL G5 TFLGAaTFLATTFLRBaTFLGI9 119720130 16015

COMMON J1eJ29030J69J%9U60JTsJR9 U9 J1UsJ1I19J129J]130d14ed]150d16001T7s

1 JIR9J199J20602190U220.)2390269J259.126
COMMON NCTL
DIMENSTON TEXTP(19) 9FPS(19)9Q(19) oV (3054)

DIMENSTION JJ(4) . T S —

EQUIVALEMDE (V1) «PN)

COMPLEX#16 X(6) oY (4) .

INTEGER §N

REAL®8 NU] oNU2sNUTNoNU2N o NUTNoNUPM s TNF TN oKF oKl }
C 1 27 3 4 & & 7 A 910 11 12 13 17 15 16 17 18 19

DATA TEXT2/ Rye13s10911e21y 99120259 Tolhy So 49 lolbds 09 09 29205

# 17/ :

MACH(DI) = NSART(TOGMY #((N1 / PCTD) #8({=GMIOG)= 1,Nn0))
WRTTE (INEAUGHT) .
1 FORMAT (YISMPFRT /¢ 0,6(!-0))

(cocaswoancnunmovoanracannacramees -

o COMPUTE CONSTANTS EOR FXDANSIONS

IF(TFLﬂ?.VF.l)GO T0 90
¢ EQUATION 1
Cal ==1,D0 .
A{1) = Al / DSORT( TF01l ) # A2
CCRY = aEL % a(l)
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o

11/58/40

SMPERT NATE = 75157
CC1 = PFOY # aA(}))
€Ol = 0,570 # PFO) & a(l) @ AE) / TEO1l
FEatioN 2
30 CA? = =1.00 P
A({P) = Al / DSART( TPY ) @ A2
A7 = «APE] # A(2) U, -
CC?2 = =PPY & A(2)
CN2 = N,5N0 & PPL ® A(2) @ aPF) / TPl ___ _
FauaTION 3
CAld = =1,.20 R
£33 = =(P2] = PNl & Al6) @ NOKF # a2
CC3 = =AF1 # NOKF & AP
CI3 = =CC3 # AlA
E2UATION 4 e -
CAs = =170
C34 = =AWIKW & a2 [
CC4 = =Cbe # AlS
FAVATION S -
Cab = =170
CaA& = NTODYV o - o
€Ccs = £RH
CHS = rR5 SUR
CFR = (RS @ ( MNPF]1 « MNDF] + MDRT1)
FAQUATION 6
Car = 1,00
CAks = 1,D0 e e JE U S,
CCh = =170
TF(TFLR2.NEL1)GD TO 91}
FauaTIoN 7
ca7 = 1,00 _ I
CR7 ==1,D0
CC7 = =1,70 e e e
FAIATIUN B
CaAR = =120 -
A(3) = Y100 =MCTl :
A(6) = 1,00 ¢ GMIN2 & M(CT] .
CRR = MNCTC @ A(3) / ate) #& (GOGMLI #® 2,00)
EAUATION 9 . R U
CA% = =1,70
A(R) = 100 ¢ GMINY # MCT] 28 2
CRO = =G & A(3) # PFOY / Aa(4) / A(S)
FAUaTTINN In
CAlD = =1,N0
€310 = = GM1 ® 8(3) # TE0o) / A(6) / A(S)
FEAUATION 1
31 Call = =1,D0
TE(IFLR2)39+9990,100
100 €311 = 0,570
CCl11 = CB11
GO TO 101 ..
30 C111=]1,n0=A17
CCil=A17
FAauatlyoNn 12
101 A(Q) = = 5M]1 / MDTSO] e 2 ;
A(10) = GMl / vDTS0)l #e 3
Cal2 =a(9) & uINl
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SHPERT DATE = 75157

11758740

CH12 = A(10) » MDD1 @w2
IF(IFLGR.EQa L) A(6) =PD1/PFQL

TF(IFLGB2.NEL1)A(6)=PN1/PATO]

A7) = a{s) ## TOG ...

A(R) = a(s) #& GP10G

NUID = TO5 # A(7)_= GPlDG * A(B)
NUZ2D = TM30GS # A(7) = GP0O2GS ¢ A(B)

IF(IFLGZ) 9649999993

CC12 = NUID 7/ PD1 / PFOI1
CD12 = NU2D / ( PDL 2 _PEQY ) 8% 2

G0 TO 95
ccie= Nuld/PDLl/PCTOL . .

CD12=NU2D/(PD1#PCTO) ) 442

.. 95 IF(IFLG2.VE.1)GO TO 92
C EAUATION 13

CAl3 = p(9) & MDCTL. ... _
€313 = A(10) # MDCT] ## 2
B(l) = PN1 ~/ PEQO]l . .. ___
B(2) = B{1) =¢ TOG'

B3) =-B8(1) %+ GP10G _

NUIN=TNGS3(2) =GP10G#A (3)
NUPN=TMGO3S#R (2) ~GPO2GS®A(3)

CC13=NUIN/PN1/PFO]
CD13=NUPN/ (PN1#PEOL) 282

C EQUATION 16

. Calsh = =1aDO .

CB14 = TSA # SGOR / DSORT( TEOL ) « A2
CClé = =0,500_% PEO) # CR14 / TEO}

C EQUATION 17
92 60 TQ(06+98) ¢ IFLGO_ -
9R CA17=AP

96 CALl7

. .—£B817==ReTLCTN —

GO 10 o7
RP1

€317 = = 5 & bPY

C EQUATION 18 . - —
97 CAlA= =1,.90

€318 = 00500
CCla = RPT) = RP]

C EQUATION 1o - - —-
CAl? = ! @ R/pP)
CRlg = R & TPY _ . . __
CC1% = =AR

IF(IFLG2) 29999993

CHLaUBBRBRBBRDEREERBORPIDHBIDIOIRBNDBEBDEBAGLEBRRBECERBHVONRREBRIRBRNCEBIRBONLEES

€ SUPERSONIC ARaNCH

CHBBHNR BB RAB BRI GBBABLHIRRAIREBBBIFORBDDEIIBRVGRLEIDRDOBINNBRVBBABRRBRIRRRERES

? IF(1DERUG.EN,03)60 TO 79

Cal = INFIN

€31 = INFIN
CCl1 = INFIN
CI1 = TNFIN
Ca7 = INFIN
CR7 = {NFIN
CCT7 = TNFIN
CAR = TNFIN
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oy

CAr

ca9

c3a

cece
caln
cain
€311
c312
call
cail
cci13
cn13
cals
catea
CCle =
FAUATION 1
70 SaALPl1
FAUATTION 1A
SaL?18
S3ETIR
FRQUATION 1o
A(Y) =
SaL.219
SaFT19
SGAMIS
FuUATION 2
h(?) =

Sal B2
SAFT?
SGAMZ
FAuUaTTION 3
AF) =
SaLP3
SRET3
SGAM3
FAUATION 17
A(e) =
SALP17
SRFT17
FAATION 6
SAalLP4 =
FAgaTION &
SAaL 25
SAFTH
SGHAMS
SEpPsSS
FAUATIDN 4
S3FTe =
SGAM4 =
FAUATTION 5
$1075 =
A(S) =
S7ETS
SETAS
SKAPS
EJUATION &

1
1
1
!

"noaouow

I TS I T N U T | O+ Y 1

W o

nonow o

wnRu

NF TN
NFIN
NFIN
NFTN
INFIN
TNFIN
INFIN
INFIN
INFIN
INEIN
INTIN
INEIN
INEIN
TNEIN
TNFIN

= =CCll 7 €Al

-1.D00 7 €AlQ

oC19 % A())

wnowow

=CR18 / CAlR
=CC18 / CAlR

-1.00 7/ ca?

(CR2 « CD2 # SBET19)

 SMPERT

CR19 ¢ SALPIA # a1V

CR19 & SAETIA # a(l)

€72 © SALP19 # a(2)
(CC? ® FAPF & CDP ¢ SGAMIO) & A(2)

-1.D0 / CA3

CC3 # a(3)
€3 # A(3)

C33 ¢ EAF # 0 (3)

=C317 ./ CAYT

= SALPIB # A4y
= SAFTIAR % A(4)

CC4 ® SaLP1}
CAS o
c35 @
ces ®
€as @
CONTTNYFND

SRETA

C34 # SALP17
C34 # SRET17

FONTINUED

€8S # SRET?
SALP2 ¢ CCS » SALP3__ _

® A2y

DATE =

75157

11/59/40

SGAM? ¢ CCH # SGAMI + CFS

SALPS + SALP17 # SBRFT5

=1,N0 7/ SINTH

SHAMS & A (S)
CH5 # A(5)

(SRFTS # SBFTI7 » SFPS5) & A(5)

CONTINYED
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SMPFRYT DATE = 75187 11758740

SETas = Cas + SRET4 2 SFTaAS

o SFPR& = =(S8FT6 ® SZFTS o SALP&) ¢ SETAS
SZFT4 = =(SRFT4 ® SKAPS » SGAMS) / SETA4

€ EuUATION 6. .
A(6) B =C96 / CA®
SaLP6 = SEPSL _#_A(6)
SAFT6 = S7ET4 & A(6)

L EDUATION 12
SGAM12 = CD12 # PETO1 @@ 2 . B )

. SAlPlZ2 = (CCY12 » PCTOY » CAL2 @ SALPG) / SGAMI2
SBET12 = Cal2 # SRFT6 / SGaMi2

___ IF(IDERAUG.ER.NIGO YO 80
SEPS3 = INFIN
SGAMG = INFIN
SEPS6 = INFIN
SZE16 = INEIN
SETa6 = INFIN

. _S1076 = INEIN

SLAMEG = INFIN

SHMUA = INEFIN

SNUS6 = INFIN

SALPT = INFIN

SBETT = INFIN
. SGAMT = INFIN
SEPST = INFIN
SZETIT = INFIN
SETAT = INFIN
S10T7 = INEFIN
SKART = TNFIN

e SALPA & INFIN
SALP9 = INFIN
SAFY9 = INEIN
SGAMY = INFIN
___SZEY9 = INFIN

SALPLO = INFIN
S8ET1)l = INFIN
SALP13 = INFIN
SAEY13 = INEIN
SGAM13 = TNFIN
_ _.5ALPlé s INFIN
SBET16 = INFIN
. 5pavMle = INFIN
SEPS16 = TNFTV
§Z2F114 & INEIN
SETAlG = INFIN
SINT14. = INFIN_ I —
SGAMLIT = TNFIN
o . _.SEPS1I .= INFIN
80 A(7) = 0,500 @ SALP12
Y{2) = DSART(A(T) @2 2 = SAFT1Z2)
Y(1) = =A(7) & Y(2)
. Y(2) B =A(T)_ = Y(2)
C-----Om-n-a=
.C.SDRYT_ROOTS

Ceroracenanan

1=0
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SMPERT DATE = 75157 11/58/40

DO 200 K = 1s2
L IF(DABS(DIMAGLY (K))) 2GTa1.D=12)60 TOQ 200

B(15) = DRFEAL(Y(K))/PD]
WRITE(TDEAUGR.9IKsY (1) oY (2)9A160B(15)
9 FORMAT(? Xe0sTlo? Y=904F13,50% 814209E13,509 B(15)=95£13,5)
IF(DABS(B(15)),6T,0ARS(A14))G0 TO 200
121 »1
EPS(12) = Y(K)
200 CONTINUF
oo IF(1eLFa1)60_T0 205
IF(DARS(DRFAL(Y(2))) LT, NARS(NREAL(Y(1))))IY(1)=eY(2)
L EPSOI2y=Y(Y) .
=1
205 I1FL58=0
K =1
IF(T.EQA.1)60 T0 230
WRITE (TOUT.210) 1
210 FQRVAT(70SMPERT (SUPFRSONTIC)$%9913,9% SOLUTIONS FOUND?)
1DE3UG = 06
_ ____1FLG8 =1
K = 0
220 Kekel
TF(Re6T.2)G0 TO 40
EPS(12) = Y(K)

(erovocans L. LT

C COMPUTE. INCREVENTS _
¢

230 EPS(6) = SALPG ® EPS(12) « SRET6 _ . _
EPS(6) = SEPSe # FPS(12) + SZET4
EPS(5) = SZETS ® EPS(12). + SETAS ® EPS(4) ¢ SKAPS
EPS(17) = SALPIT © EPS(5) + SBET1?

. EPS{3)_= SALP3 ® EPS(17) + SRET3 ® EPS(12) ¢ SGAM3
EPS(2) = SALP2 & FPS(17) o SRET2 @ EPS(S) ¢ SGAM2
EPS(19) = SALP19 ® EPS(5) _+ SBET1O & EPS(17) e+ SGAMIQ_
EPS(18) = SALPIA # FPS(5) + SRETIA

EPS(11) SaLPll # EPS(12) [ SRS
EPS(1) = 0.N0
_EPSHT). = 06,00 . _. -
EPS(8) = 0,00
EPS(9) = 0,00 B e
EPS(10Y = 0,00
EPS(13) = 0.00 O
FPS(14) = 0.DO
WRITE (TDE3UG.20)(TsX=1s28)€PS

C ------------------------

. C COMPUTF PROPERTY VALUES - e

c ------------- O m s OB o o

DY 2640 1 = 1519
J = IEXTP(Y)

e 1F(JaEN.0)GO_TO 240 ,
V(Jel) = V(Je2) ¢ FPS(I)

260 CONTINUE

TEN=TCTO
MDE = MDD = MDF [
PEO = MNE & NSQART(TFO)Y / (A1 # A2 @ AF)
GO TO(P3942238)91FLGY _
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239 PPT = PPT1 # (RPT / RPT1) ®@ G
IPY = PPT # A2 @ NOR / RPT
G0 TO 237
238 TPI=TCTO
PPT=RPT @ R ¢ TPT / A2
237 RFOD = PEOQ # a2 & OOR ¢ TEQ
MD = MACH(PD)

J16aJ16e1
o CALLY PRINT _
J16=dle=1
. WRITE(I0UTs262) .
262 FORMAT(veQ0)
e 261 TF((IF1 GBAEQ.D) aAND. (IDFRIUG.EN.03))RETURN
WRITE(INERUG»32)V

T e T LT Lo

C SMaLL PERTURBATTON RESIDUALS
feoonencesrsancocnonsruonsenea
DO 250 1 = 1419
250 D(1) =2 INEIN

Qt2) = CA2 @ EPS(2) ¢ CB2 ® EPS(1T) ¢ CC2 ® EAPE o €D2 # EPS(19)
Q(3) = CA3 ¢ FPS(3) ¢ CR3 # FAF o CC3 ® EPS(1T) o CN3 ¢ EPS(12)
Q(4) = CA4 # EPS(4) ¢ CBs ® EPS(17) ¢ CC4 ® EPS(1])
Q(5) = LA5 & FPS(K) ¢ CAE # FPS(2) ¢ CC5 ® FPS(3) ¢ CNS # FPS(4)
# + CES
Q(6) = CAS # FPS(6) ¢ CAG # FPS(4)
Q(7) = INFIN

c e Q(B) = INFIN

G(9) = INFQN
~ Q(10) = INFIN
Q(11) = Call # EPS(11) « cCll # EPS(12)
. Q{12) = CAL2 ® FPS(6) o €2 @ PCTO) ® FPS(I2) ¢ CDI2 ¢ PCTQ) @® 2
# ® EPS(]12) a8 2
- 0(13) = INFIN
Q(16) = INFIN v :
Q(17) = Cal7 ® EPS(IT) o CAL7 * EPS(1A)
Q(18) = Cals @ EPS(1A) » CcRIB # EPS(S) « €Cl8
e QU19) = CAL9 @ EPS(19) o CB19 # FPS(1B) ¢ CC19 & EPS(1T)
WRTTE(TDE3UGs13) (T+1=1020)9Q

¢ FXacT RESINUALS

(emnonscoanasnsan

DO 60 71=1,19
40 Q1) =1.070
Q(2)=MNPE+A19PPRAPE/NSQART(TPY®A2
Q(3)=MNF+AF2Q0KF2 (PP=PD2416) 2A2
N{6)=MNPTAWOKHS (PP=-PT2A15) 8A2
Q(5)3RPT=PT 1= (MOPEeMDFeMDPTI®NTOPY
Q{6)=MNINeMDPT=MNCT
TF(IFLG2) 254999992255
256 Q(11)=PT=(1,D0=A17)%PN=a1T7%PD
GO TO 256
5 R(11)=PT=0, 5D0“(PN¢PD)
56 B(12)=1.D0/PCT0 . ..
B(13)=706MU1eMDTS0ua2
oo .. Q(12)=MDDe42=8(13) 8 ((PDeR(12) ) 22TOG=(PN2R(]12))**GP10G)
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GO TO (251,252)01FLGY
251 Q(17)=PP-PPT)®#(RP/RPT1)#uG
GO Y0 253
252 Q(17)=pP=RPaR#TP/A2 .
253 Q{18)=RP=0,5D08(RPT+RPT])
Q(19)=TP=-PPENOR/RPHAD
G0 TO 39
LDGG&#Gbéhbl&ulOO'@#D“&“QQ#OQGQ##&QGI»é&lGOBCQQQQ.Ol.nl'#!&"n“&..ﬁ“'ﬂ»ﬂﬁlillﬂj
. SURSONIC BRANCH
(‘GOQG#.G%Qﬂﬂ#a’&#tﬂﬂﬂ’#&dﬁﬂﬂﬂ&“Qlﬁ&.&&lﬂ&IQQ“QoO!QCQQQQ#Q00'0'!'“.!.“&0!.0‘0
(roconsacsnonawoconcesnwasnnsnas oo
__C_COMPUTE CONSTANTS FOR SOLUTION
(roomenororsoaPoc oo onDD e odn® oo
¢ FQUATION 19
3 SALP19 = =CR19 / CAl9
SAFET19 = =CC19 / CA19
¢ EQUATION 2
B(s) = =1,D0 7/ CA2

SaL22 = ( CB2 + CD2 # SAFT19 ) % RA(4)
SRET? = €12 # SALP19 & H(4)
SGAMZ = CC2 % EAPE # B(4)
C _EQUATION 5 .
) SALPS = €85 # SalLP2
SBETS = (€95 ¢ SBET2
SGAMS = CB85 # SGAM2 ¢ CES

C_EQUATION 8
_ SALPB = ~CAB / CBA
€ FQUATION 1A
SALP1B = =Cal8 / €B18
SBET1B = =CClB / CR1A
€ EQUATION 5 CONTINUED
SKAPS = Ca5 # SALP18 ¢ SAETS
B(5) = 1,00 / SKAPS
e ___SEPSS5 =m = _SALPS * B(5)

SZETS = = CCS & B(S)
SETAS = = (DS # B(S)
S10TS = = ( GAS % SBETIA « SGAMS ) @ B(5)

£ _EQUATION 10
"SALPI0 = - CB10 ® SALPB / CAlO
_C_EQUATION 11 _ .
SALPI1 = = CBI11 / CAll
, SBET1l = = CC11 / Call
€ EQUATION 17
SEPSIT = £A1T7 +CB17 ¢ SFEBSH
B(6) =-CB17 / SEPS17
e . _SALP17_=. SZEIS % _B(6)
SBET17 = SETAS ¢ B(6)
— . SGAMI7 = SI10TS ¢ B(6)
C EQUATION 1
B{7) = =1,00 7/ CA}

SALP]l = C31 & B(7)
SRFT]1 = CH]1 # SALP10O # R(7)
SGAMY =

CC1 # EAE * B(7)

__C_EQUATION 3 -
SEPS3 = Ca3 ¢ CC3 # SALP1Y
B(A) = -1,D0 / SEPS3 .
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SMPERT DATE = 75157 11/88/40
SaLP3 = CC3 # SARET17 # B(A)
SBET3 = CD3 & _RB(B)
SGAM3 = ( CC3 % SGAMLIT ¢ CR3 @ EAF ) @ R(8)
C EQUATION 4
SFP56 = CAs ¢ CR4 # ( SAFTLI7 ¢ SALP17 ¢ SALP3)
.B(9) = = 1.D0 /. SEPS4
SALP4 = ( CR4 # SALP17 # SRET3 ¢ CC4 # SBFTI1 )} & R(9)
SYET4 = CC4 & SALPL) # A(9)
SGAM4 = CR4 & ( SALP17 & SGAM3 + SGAMIT7 ) ¢ R(9)
C EQUATION 6 N
A(10) = = CR6 / Caé
SALP6 = SALP4 & B(10)_ _
S3FT6 = S3ET4 # B(10)
__SGAME_ = =CCH / CAH
SEPS6 = S3aM6 & B(10)
€ . EQUATION.T . ... ..
SZETT = CAT ¢ SGAM6 ¢ CCT7 % SBETI -
B(11l) = = 1,00 / SZ2FT17 RS . i
SaLP7 = ( CA7 % SalLPé& + CR7 @ ("SRET3 + SALP3I # SaALP4 1)) @ 8(11)
SRFYT? = (. Ca?7 & SAET6 + cR7 # SA4LP3A 2 SAET4 ) # B(11)
56AM7 = CC7 # SalLPl #B(11)

__SEPS7_ = ( CA7_ “JﬁLjﬁ_t_C&Z__JﬂuLj___LLI___ﬁﬁAM1 ¢ CBT ® SALP3 @

@ SGaMé ) # 8 (11)
C EQUATION 6 CONTINUED
SZFY6 = SalLP6 ¢ SGAM6 & §ALPT
SETA6 = SAETH ¢ SGAMA @ SPBFTT
SIOT6 = SGAMG ¢ SBAMT
__ . _SKAPH = SFPSG. ¢ SGAMG ® SEPST
€ EQUATION 14
. B(12) = CCl6 ® SAIP1O
SALPl4 = CBl4 ¢ B(12) @ §GAMT
SAFT14 = A(12) # SALPT
SGAM14 = RA(12) # SRETT
SEPS1s = a(12) » SFPSY
C EQUATION 9
. B(13) = €39 # SalLe8 _
SZFT9 = Ca% ¢ B(13) # SGaM7T
SGAMY ==B(13) / S7FT9
$SaLP9 = SGAMO & SALPT
_SHETQ = SBAM9 # SRET7
S56AU9=5GAMN9ESFEPST
C EAUATION 14 CONTINUED
B(14) = = 1.,D0 / CAl&
e S7FET1S = SALPLl4 # SpALPO ¢ SHFET14 ) * A(l4)
© SFTAlé = ( SALP14 # SBETO ¢ SGAM14 ) # B (14)
. SI0T1l46 = ( SALPL14 % SGAM9 '+ SEPS1e ) # A(l4)
€ FAUATION 6 CONTINUED
_SLAM6 = _SZFET6 ¢+ SI0T6 % Sat P9
SMUG = SETA6 o STOT6 # SPRET9
e —...-SNU6 = _SKAPH ¢+ SI0T6 # SGEAMY
C FQUAT!OV T COVTYNUED
SEYAT_=_SALPT « SGAMT_ # SaALPO
STOTT? = SBET7 ¢ SHAM7 # opEYQ

_SKAPY = SEPST + SGAMT & SGAM9 .

€ EQUATTON

12

________ Sal.Pl2 = PEN) = PD) # SAl P9
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SBFT12 = =PN] # SAFTQ
SGAM1Z .= _=PD1 . % SGAM9
Sa2 = fN1P & SALPl2 =4 2
$B2 = cal2 # SLAMA +_(Bl2 @ SZFT1l4 ¢ CCI2 # SaAlPLI2 ¢ 2,D0 # €D12 &
B SALPL?2 # SGAM12
SC2 = 2.D0 ¢ CD12 # SALP12 # SRET1Z2 . .. _._ _.
SN? = FAl2 & SMUG » CR1Z2 @ SETALG ¢ CCl2 ® SRFT12 ¢+ 2.,D0 # D12 #
. ® SRET)2 ® SGAMI2 . _ . ... _
SF2 = €N12 « SAFT1P? o«
SF? = cal2 # SNU6 + €RI2 # SJOT14 « CCLl2 ® SGAMI2 o CNl2 @
® SGaMlp @8 p
€ FAUATION 13
SALPI3 = = PN] @ SALPO
o SBFT13 = PEN]_= _PN1 # SRETQ
SGAMI3 = = PNL#* SGAM9
SA3= CN13 # SALP)3 ## 2~
S8 = £Al3 # SETAT ¢ CB13 @ SZFT14 o CC13 @ SALPI3 + 2.D0 # CD13 @
® SALP)I3 # $GAMID S
SC3 = 2,D0 @ CD13 # SaLP13 @ SRET1I
- $23. = €all # SI10T7 » CB13 @ SFTAlse o CCI3 & SAFTII ¢ 7.00 ® cH13 &
? SAFTI3 ¢ SGBAVL3
SE3 = cpl3 o SRETI3 @& 2 ’
SFI = rald & SKAPT o CA13 @ ST0T14 + CC13 # SGAMI3 ¢ CDL3 +#
? SGAM13 es 2 N - .

11=1DERUG
CALL' BSIMUL (S82¢5R2+5C29SN29SE225F29SA39SRIeSC39SNIeSF39SFIalTeX
1 oY)

(eecenccnsan

C SORT ROITS
Cocnsmcocams
I=0
DO 15 K=le6 = N
TF ((DARS (DTMAGIX(K))) 4GTo1eN=12) 4OR, (DABSI(DTMAG(Y(K)))aBToeloD=12}))
1 6o 7O 1S - . - o
R(16)=NREAL (X (X)) /PD]
R(15)sPREAL(Y (X)) /PNL e
WRTTE(TNE3UGo 6D KX (K sY () sALlbeR(146) 9B (15)
69 FORMAT(* X=%¢11e® X=992F13,50% Y=?92E13,59% 814=04F13.5,
1T v A(16)9(15)27e2F13,.%)
IF((DARS(B(14))oGTaNARS(AL4)) OR, (DARS(R(15)) . GT.DARS(AYG)))
1 G0 T0 .15
I=1e1
JJ(1) =K
EPS(12)=X(K)
ERPS (1) =Y (K)
15 COMTINIJE
IFLTeLF,1)GN TO 34D
K=1
R(la)=x(JJt1))
RE1S)=y(JJI(L))
DD 320 1=24K
NENNERS! o
IF(NABS(DIEAL (X (JI))) oGT.NARSIR(16)))GO TO 300
11=)
R{ls)=x(J)
300 IF(JABS(DREALIY(J)))GT,NARS(R(15)))G0 TO_320 _
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12=J

- BLEB)EYANY

320 CONTINUE

SMPERT

DATE = 75157 11/58760

e JTFLT1NE 12060 TO. 340

I=1

. __EPS(12)=X(1))

EPS(13)=Y(I2)

_340 1F) G8=0
' K=1

cee YFE(1.EQ,1)G0 TO A7
WRITE(TOUT»16)1

... 16 FORMAT('0SMPFRT 3?2734

IDF3UG=0
1FL538=)

6

SOLUTIONS FOUNDY)

K=0

. .18 K=Kel

_EPS(l2)=X(K)

£PS(13) Y (K)

e LA I LI Lot L L LT Y ]

€ COMPUTE INCREVENTS

(roseesreeoacaneasene

17 EPS(6) = S5LAM6 # FPS(12) « SMU6 # EPS(13) + SNU6
_EPS(T7) = SETAT_2 EPS{12) » SINTT # EPS(13) ¢ SKAPY
EPS(9) = SALP9 # FPS(12) + SBET9 # EPS(13) + SGAM9

S EPS(l4) = SIFT1IL # EPS(12) » SETAlSG ¢ EPS(13) ¢ SIOT1S

EPS(4) = SALP& @ FPS(12) « SBET4 # EPS(13) + SGAM&

__EPS(3)_=_SALP3 # FPS(4) + SRET3 @ FPS(]12) ¢+ SGAM3
EPS(1l} = SALP1 # EPS(9) « SRETI & EPS(7) + SGAM]

.. . _EPS(17) = SaLD)T @ @ 17

EPS(11) = SaALPll # EPS(13) » SBET11 # EPS(12)
EPS(10) = SaALPI0 ® FPS(7) ‘
EPS({1A) = SEPSE # EPS(17) » SZETS @ EPS(3) + SETAS # EPS(4)
P SIOTS .. ___ . '
EPS(S) = SALP1IB * FPS(1B) + SRETI1A

_ERS(8) = _SALP8 & FPS(7)
SALP2 ® FPS(17) « SBET2 # EPS(18) + SGAM2

EPS(2) =
e EPS(1)

SALPLO # EPS(Inm)

¢+ SBET19 # FPS(17)

WRITE(TNDEBUG:20) (ToI=1024)EPS
20 FORMAT(3(/? *,B(5Xs'FPS( 9729 %) 994X ))e3(/* 998E164.R))

Coroneocnnsmnnsom e nns DD o 0o 0o e m = e

. .C COMPUTE SMALL PERTURBATION PROPFRTY VALUES

CrroccccoscevoPoononorneronocoaccnEaIORDE om0 m Do

. .DD.30 1=l.19 .
25 J=1EXTR(])
IF(JeEQ.0)GO TO 30 . . . . ...,

V(Jel)=V(Js2)¢EPSHT)

30 CONTINUE

GO TO(3614362) s TFLGY

341 PPT = PPT1 # (RPT_/ RPT1} ¢# G

TPT = PPT & DDR / RPT # 42

G0 TO 34
342 TPT=TCTH

PPT=RPTHRBTPT /A2
PED

3643 PCTO

3

TCY0 = TEO
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REM = PEQO # QDR / TEOQ @ 4p
___RCI0 = REQ

ACTO = DSORT(GR # TCTO)
_MDCYO = RCTO # ACTO # CTp

MD = MACH(PD)
o _MN_= MaCH(PN)

IF((INSTR(23) NE«2) o AND, (TNSTR(ZQ).FQ 0))G0 70 28
- J16=J)6e] s

CALL' PRINT
o J16=J16-1

WRITE (TOUT+29)
. 29 FORMAT (408}

28 TF((IFL.GB.FR.0).AND. (1IDFRUG.EQ,03) ) RETURN
WRITE (YDEAUG32) Y

32 FORMAT (1 0SMALL!I PERTURRATTON PROPERTIESt13(/t 938F16,8))

—Ce—emescromcgcsanscenee onreTas

C SMALL PERTURBATION RESIDUALS

L (oremencanencscsroesconanronncnoea

D0 35 1=1,19
35 Q(V1=1,070

Q1) = cal * EPS(1) o CBI @ EPS(9) « CCl @ FAF ‘¢ CD1 # EPS(10)
_N_Aﬁ_Jlﬁu_E#CAZ & _EPS( * EP! + o
- Q(3) = CA3 # EPS(3) ¢ CR3 # EAF CC3 # FPS(l?) ¢ CD3 # EPS(12)
. _._.Dt4) = CA4 @ EPS(6) ¢ CR4 * EPS(IT) + CC6 ® FPS(1])
Q(5) = CA5 # EPS(5) ¢ CBS @ EPS(2) ¢« CC5 @ EPS(3) « C0O5 @ EPS(4) o
@ _CFS

Q(A) = CAS # EPS(6) + CRK # EPS(4) + CC6& @ EPS(T)
Q1) = CAT®FPS(6) + CRT @ EPS(3) ¢ CCT7 # EPS(1)

Q(R) = CAB # EPS(T) ¢ CRR @ EPS(8)
——_.R(8) = Ca9 & FPS(9) ¢+ CRQ ® FPS(H)

Q(10) = Cal0 # EPS(10) « CR10 @ EPS(8)
QE11) =CcA1)_# EPS(11) « cR11 * EPS(13) + CCIY ¢ FPS(12)

B(15) = PFO1 # EPS(12) = PD1 # EPS(9)

e B012) = CAL2 ® FPS(6) ¢ CRI2 ® FPS(14) » CCl2 @ A(IG) » CDIR ¢

3 A(15) #9 2

.B(1s) = PcO)_# FPS(13) - PN] # EPS(9)

Q(13) Call # EPS(7) + CR13 # EPS()14) + CC13 # B(16) » CDI13 ®

®_R(16) w2 2

Q(14) = Cals # EPS(14) o CB1& # FPS(9) + CCl4 # EPS(10)
_.0(17) = €al7T & EPS()7) + CR17 # FPS5(18)

Q(18) = Caln & EPS(18) ¢+ CB18 # EPS(5) + CCls

P(19) = Cal9 ¢ EPS(19) ¢+ €AR19 # EPS(IB) '+ CC19 & EPS(1T)

WRITE(IDERUGe13) (19121920990
.13 FORMAT(*0RESINUALS FROM SMAIL PERTURBATION FQUATTIONS .

1 2(/7% 9910(6X91205X))e2(/% *910E13,5))

(eoocacomscvacronn

¢ EXACT RESINUALS

_Lovenowmmancserana

DO 140 151519
160 Q(1)=1.D70

0(1)=MNE=A18PEO®AE/DSQRY (TED) #A2
. 0(2)=MPPELAL#PP#APE/DSQRT (TPT#A2

Q(3) =MNF+aF#00KF# (PP=PD) #A2
e Q{3 =MDF ¢ AF 20DKF ® (PP=PD8A)6) #A2

0(6)=MIPT+AHOKH® (PP=PT®315) #A2
0(5)=RPT=RPT]=(MDPESMDF +MDPT] &DTOPY
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Q(A)2MNDEMDPT=MDCT
. D(T) =MDD=MDF=MDE
B(9)=]1,00¢GM102#MCT
o .-B(10)=1,.D0eGMI029MCTREL
Q(R)=MNCT=-MCT#MDCTC4R (9) #+MGROGM
... B(11)=R(10)/R(Q) #e2
Q(9)=PFO=PC#R(1]1) #2#GOGM]
e 0(1D) =TEQ=TCOR (1)
IF(IFLG2) 146599995145
__146 0(1)1)=PT=(1.D0=A17)4PN=A17%PD
i 50 TO 146
e 165 QUIN) =PT=0.5D0% (PN+PD)
166 BR(12)=1,.D0/PEQ
.B(13)=TOGUI#MNTS0042
0 (12)=MND##2=8(13)# ((PD#R(12)) *#T0NG=(PD*A(12)) ##GP10G)
Q(13)=MDCT##2=-R(13) 9 ((PN#R(12))#4T0G=(PN#R(12))#*GP10G)
N(14)=MNTSO0~SGOREPEO2TSA/NSQART(TFO) #a2
- 60 TOf1412142) 2 1FL GO .
161 Q(17)=PP=PPT18(RP/RPT])#aG
GO 10 143
142 Q(17)=PP=RPa#R#TP/A2
163 Q(18)=RP=0,500%(RPT+RPT1)
Q(19)=TP-2P200R/RPEA2
_A_mﬂuaﬁind#li#dﬂGﬂd#dﬂdﬁ#no#*#h«a#ulnﬁlioOG6#0GQOQdGQ0Ql&“lll'llﬂ.o’.bd.l'.'hﬂ
€ 0UTPUT
CQQn(ﬂiﬂbﬁﬂiﬁ##ﬁnbtﬂn‘:"ﬂ##ﬂQQOQ”Q&GG#&{Q'Q#QG“!Q'&Q#.Gﬂ&#ﬂﬁﬂ"*d#d&l“iQGHGQ“""
(‘_-------------—----_----------_--_-
.- CONVERT RESIDUALS TO PFRCENTAGES
Corrcanecnsrernarcocsoroononearaanmos
e .39 D0 49 1=la19
J=TEXTR(I)
1F(J.EQ.0)GD _TD 49
IF(1.EN0.6)G0 TO 45
e 1F(14FQ.TIGD TD 4}
IF(T.EN,B8)G0 TO 42
e JIF(1.EQ.12160 TO 43
IF(1.EN.13)60 TO 42
...G0 Y0 a6 )

41 J=10
. . GO Y0 46
b J=12 '
... B0 _TO 46 .
43 J=9
.30 TQ 46
45 J=11
66 IF(V(Je2) o NEL0.DO)GO TO 47
QIT)=INFIN
~ .60 10 49 .
67 Q(T)=Q(1)®]1,.D2/V(J92)
e ... 69 _CONTINUE
WRITE(TNERUGe21) (T51=19220)40
_ .21 FORMAT (#0RESTINUALS FROM FXACT FQUATIONS®e
1 2(/% 0,10(6X91295X))92(/ *910E13.5))
. __IF(IFLGR.FN,0)GB0 YO AQ .
IF(TFLGB?) 22009999, 1R
60 WRITE(IDERUGIN) (Tol=1el0)eheollel=130)eR
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31 FORMAT(v04 ARRAY®/? t5]10(6Xs12e5%)/% *510E)3,5/'0%:%A ARRAY's
A3/ 106X 125X ) 930/ 2L 0F13.58))
WRITE(TNDEQUG.10) CAle CRYs CCls CN1s CA2e CRB2e CC29 CN2»
1 CA3y €B32 CC3e CN3e CAbs
2 CE59 CAb6s CR6s CC6He CATo CBTe CC7o CABe CBRy CA94 (B9
3 CA10e CB10aCAL)eCRI)CCYI1aCAL2eCRIPCCI2aCDN2
4 €C1390N013eCA169CR149CC145CALToCRITCALBoCRIBLCCLIALCALD,
_...5._CB19.cC19. .. . __. i
10 FORMAT(Y1ISMPERT /9 040 (9=9)/90%97Xe?CAL 913X CB1"013Xe?CC17y
13Ke "CDLY/% 9 04F16.8/000aTXe9CAP10)1IXe1CA2YI3X9CC2%0)13Xe
$CD21/9 106F16,8/7%0° TXeCA3513Xe?CRIVH1IN,*CCI*913X,9CDI
/Y VG4FE16.B/00%TXe CALY 9 L3N CRLTLINLPCCHI/Y 1AFN6.B/90%4
TXoCASY913Xo RS9 13X 0005 913X tCDS510 13X 'CES/Y 155F16,8
/Y09 TX9CAB 913X PCBOY ) IXIICCHI/Y P9 IF16.A/909e7Xe*CATI913Xs
PCRTILI3Xe1CCTI/? 43E16,R/°07eTXe?CABI913X,9CRABI/Y 1,2F16,8
/0093 TXs°CA9 213X CRO /Y 52F16,B/900,6XeCALO0 9 12X9'CRIOY/Y ¢
2F 16,8700 ¢6Xe ' CAI1 91 1Xo?CRILIT912Xo7CCI1/% *53F16.8/°0%,
AXoCAL12%912X9°CR12Y 912X CCL22012X09CNL2T/" 94F16,8/90:6Xe
CAL30,12Xat0B137612Xe0rC13%912X09CD130/% 134F16.8/70%6X0
_A_'CALeY I2XeIER14T 9 IPX L1467/ o IF)B.A/ 096X CALT12Xe
C 103170/ 1.2F1AB/100 46X 7CALBY12Xe?CRIBY 12X ?CCYBY /0 ¥,
D 3E16.R/%0%¢6X91CALD 9]12Xe'CB19?912R9°CCL1I°/% 993F16,8)
HRITE(TNERUGs 1Y) SALPls SAET1, SGAMle SALP2¢ SRET2. SGAMZ2s SALP3
s SBEVT3s SGAMIs SEPS3y SALP4&s SPET4e SGAMb4 s SEPS4e SALPS, SAFTS
¢« SGAMSe SFPS5s SZFTS¢ SFTAS: SI0TSe SKAPSs SALP6s SBETHs SGAMS
9 SEPS6s SZETH. SETAGe ST0THs SKAPGe.
v SRET7s SGAMT7s SEPST7s SZETT7e SETATe SI0T7e SKAPTe SalLPB8e SALPO
s SBET9y SGAM99 SZETQ.SALP10.SALP119S
aSALPYI3eSAFTI3:SRAMI3058LP14¢SBFT1495GAM16,SFPS140SZET14SFETALS
9STI0T149SALPYIT»SRETLIT9SEAMLITSEPSLT7 2541 P18,
1) FORMAT ({910 o6Xe?SALPI aLl1Xo'SBET)I?611Xe?SGAMLY/0 ¥93F16,8/90%06Xs
PSALP28o1)XeSRET2%2)1Xe?SGAMZ Y/t ° 200 96Xe? i
*SAETA 9 1 Xe ¢SGAMI 911X *SFPSAN/? 994F16,8/°0%:6X09SALP4AY 911X,
YSIET4 Y9 11Xe *SGAMSG Y s o 11X9ISEPSAI/R Vo4F16,.8/00%:6XKe
TSALPR 611X 0SHETS 9] 1Ko tSRAMS I 11 Xe ISEPSS50,11Xe9SZETS1511Xs
TSETAS 9 11Xs *STOTR 9] )Xy 9SKAPS /Y 9BE16,8/907:6Xs1S5ALPH o)) Xs
FSAETAI 9T 1Xe PSGAMAT 9 11 Ko 9SFPS6Y11Xe*SZETE 11X 95FTAG 11X
tSTIOTAY9)1XetSKAPGI /0 ¢ ,8F16,8/90% 36X 9SS AMAI 1] Xs0SMUG 011Xy
ISNUGI/Y 1,361K,2/90096X01SALPTY o 11Xo0GRETT V11X ?SGAMT911Xe
9SEPST g1 1Xo0STETT 9 1 X0 SETAT 9 1IN 9ST0TT 511X 2SKARPT /Y 0o =~
RF16.R/IN0e AXa8SALPRI/1 99F16.B/10%06X07SALPOY911Xe?SAETO 0,
J1Xo 9SGAMO I 11 X0 ¥ S2FTO0 /3 % 4E16,8/°009,5X,05aLP10/
Yty F16,8/70%a5Xe?SALPI19s10Xe*SAETLIL1®/% 9 ,2F16.,8/°0%:5Xe?SALP12
Y9lO0Xo'SAETLI2% 910X SGAMI2Y /% #93F16,8/°0° 65X 95ALP13%910Xe
tSIETI310Xs1SGAMI3B0/ 0 143E16,A/ 705X *SALPL4 10X SRETIL
10Xs *SGAMLI4Y s 10X9 " SFPS161 910Xy *SZET149510Xe"SETALSGY 910X 0SIOT1GY
/Y 94 TFLRR/000 45Ky FSALP)I T 910X *SRET1IT79010Xe *SGAMIT 510X,
PSEPSITH/% 944F16,8/90%,5Xy +5aLP1B® ;10X *SRFETLIAR/? ¢52F16,8/
PO 95X, "SALPIGIGI0Xe ¢SAFTIOVN/0 9,2F16,8 )
WRITE (INE3UG)2)SAPsSR29SC2eSN2sSE29SF295A395R395¢C3957239SE395F3
1 sFAEGFAPT 4FAF
17 FORMAT (11 0o 7Xo?SAP 913X 9GR2% 613X ?SC20 513N SD2%513X9"'SF2%
1 13X VGF21/0 136E)16,8/9003TXo9SA31913X00S5B39,13X0?SC3%913X0
2 169304 13XsPSE3 4] 3Xe1SFAL/Y 9 46F 16, B/000sTXe tFAEY o 12Xs VFAPE? s
3 13X tEAF Y
6 /% YJAF]6,R) :
TF(IFLER,TQ. 1) STOP
RETJRN
9935 5702
ENR

P ODNPU S WY

~NP NS W N -

—_ T DM T O D~ S W Y-
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SURAOUTINE: NSTMUL (AP eR2eC2eN2oF20F29A39RIsC39NIsFIFIoINEBUGs XA Y)
JMPLICIT REAL#B(A=HeQ=Z) .
COMDLEX“IS X(20204) aY (4) o SIGMAGUPSLONIPHTI oPSToOMEGAGZERD0ALoBLoCY o
=Y1loY29Y30Y4o0ONEsR(2920422) s CINFINaXX (&) .
CoOMPLEX®#1a ST5 Mhl9”D§LNlOPH‘l’pS'l'0MFGAl
DIMENSTON IT11(64)sJJddis) _ . -
DATA ZFRO/(0.N0+0. nn)/OONF/(l nOOﬂ no)/cCINFTN/(l N70e1.070)7

Comememamesconnseernennnaanan

C COMPUTF QUARTIC CHEFFICIFENTS
(emwcamcccrssctoweccnanancacns
ALPd4l=p2453-A30F2
BETAl=A2#)3=A3%D2 [N O .
GAMMI=AP%#F3=A30F2
. . ALPHII=A3%B2=A2#R3
BETAll=A3#CP=424C
NDELTII=ALPHI®BETALY . I
FeSLil= AL’HT“ALPHTI‘RFTAT“GFTAII
ZETAII=0ETATSALPHTTI+GAMMI®RETALL e .
ETATI=GAMMI®ALPHIY
B1ISQ=REYAalYew®2 _ ___ .
ABTI=ALPHTI®RETAIT
A11SQ=ALP4IT@u2 . R . e
STIGMA=7FR)
UPSLON=2ER0 N o
PH{=LERD
PS1=ZERD . -
OME3A=7FRD
DD 8 I=192
No 7 Js=le2
DD & K=l94 e e e e
X{ToJokK)=CINFIN
CONTINUE . . el .
CONTINUF
CSIGVA= A2 & ALPHI®®Z2 « €2 @ DELTIY o E2 # BYIYSO
UPSLON = 2,00 # AP & alPuy & RAFTAY ¢ A2 @ DELTIY « 2 ® FPSLIT
® 2000 # E?°ARII ¢ N2 # BYTISQ . [
PHY = AP # ( 3IETAT #8 2 4 2,00 @ ALPHI % GAMMI ) + RZ2 ® EPSITT »
© €2 ® 26TAll + F2 % ALISQ » F2 # RIISQ + 2,00 % N2 # ABIY
PSY = 2,D0 # 3FTAT # GAMMT #A42 ¢ B2 # ZFTAII ¢ C2 @ FTATY
# 2.0n & Fz2 # AHTY ¢ D2 & ATISQ
OMFGA = A2 ¢ SAMMT #& 2 4 A2 @ ETAT] o Fo o AIYSQ
STGMAL=S]5MA
URPSLN1=UPSLON
PSI1=PS] . e
PHT1=PHT
OMF3ALl=0MEGA
IF(TDERUGLEN.03)GO TO 9
(omcsaconacsua LY Ry

. PRINT fDFFfTCIFVTS

D~

NQITF(TDEQUGQI)A?oﬂ?'C?vn?cFZOFZOA30870C1QD3eF30F39AL’HlvﬂFTAIo

- oAWMT-ALDHTTQQFTATTQDELTTIcFPQLTTv7ETAIIQETAYTQHIYQthqIIvA]IQO .
1 FORMAT()IRSIMYLY /Y '06(°=')/'0"7X0'ﬂ?'vlbxo'ﬂ?'QIQXQ'C?'Oléxo

1 N2V 014X 0EP10 14X e tF20/0 1,6E16,A/009,7X9%A300]14Xe?RIV9164Xe0CV,

2 14Xo N3t o14Xg PP 14XaIFII/0 14AF16,R/10056Xs TALPHT 1o 11Xe
3 OIRETAT 11X tGAMMT V910X 0 ALPHIT o LOXetBETATT 910X !NECTIT Yy
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6 10XsVFPSLTTY/% VoTE16.B/10195Ks VZETATI s 11X VETATT Y 911Xs
5 1RATISQs11XetARTI?s12Xs1ATISQY/ 995E16,8)
WRTTE (TNESUG2) SIGMA«UPSL ONsPHI sPST 0OMEGA ¢ ZERO
2 FORMAT(109913XetSTOMAY 427X s "UPSLON® 28X s PPHT 529K PPHT /0 94

1BE16,8/700914Xs'OMEGAY 927X 9 9ZERDOY /Y ¥94F16,8)

mms=-mmmecme-csaseenes

€ FIND RODTS TO QUARTIC

c—-----------_—-- ------

9 N=4
TF(DREAL (STGMA) 4NE,0.00) GO TO 60 _

N=3
IF (DREAL (UPSLON) G NEL0,00)60.T0 30

N=2
____IF(NREAL {PHI) .NF,0,D0)GO TO 20

45 Y(1)=VY]

"¢ Q.JADRATIC

C LINFAR
N=] I

10 OMFGASOMERA/PST
PS1=0NE e
CALL! QANDC(NoDWFGAoZFRO.?FROoZFROoZFROle9Y2'Y3vY4)
....860.J0 45 . —

20 PSI=PST/PH41 _ I
OMFGA=OMEGA/PHI
PHY=ONF . e
CALLi QANDC(NePST9oNMEGAZFROZFROsY1eY20Y30Y4)
GO J0 45
¢ cuaic
30 PHI=PHI/UPSLON
PST=PST/URPSLON
OMFGA=OMEGA/UPSLON. e
UPSLON=ONE
CaLL! @ANDC (N9 PHI o PSIsQOMEGAZERDY1sY2s5Y3sY4)
GO TO 45
¢ QUARTIC e
40 UPSLON=UPSLON/STGMA
PHI=PHT/STGMA
PST=PST/STGMA
_DMFGA=OMESA/SIGMA
SIGUMA=ONE
CALL‘QANDC(NoUPSLONcPHIvPSIaOHEGﬁeYl sY2sY39Y4)

Cmrrnnmamann o monnnnesonmnsoeens [

€ FIND abbLi X VALUFS FOR FACH Y ROOT

Creooceessccnacnnean e e o e 0 0 00 0 e 20

Y(2)=Y?

Y(3)=Y3

Y(4)=Ys

DO 100 1=1.4 R

IF(1.GT.NIGO TO 100
e - BlEm 50 (B2eC28Y (1)) /A2

Cl=COSORT(B1##2=(N2RY (1) +FPPY (1) #82F2)/A2)

X(lelel)=31eCY . . . _

X(2e107)1=3]1=C1

Bl==,5e(83C30Y (1)) /A3

C1=CDSART (R1&#2=(NA%Y (1) +F3Y (1) #82+F3) /83)

A(le2e1)=30eCl

128



AEDC-TR-76-39

ASTMIL DATE = 78187  11/58/40
K(Pe2eT)=31aC] o T
100 CONTINUF e
(orameeoeno®we oo Cnccmeconmmae

¢ PRIMT RIOTS T2 QUARTIC AND CONICS . e
C‘q-n-un--nn_‘-_---‘--n-‘-------'-‘
WRTTE(TIDERUGe2) SIGMASUPSLONPHI9sPST 9 OMEGA s ZERD L. e e
WRITE(TNERUGeI) Yo (ToeT=102)0X
A FORVAT (2019 15X e Y17 930XKeoY29e30Xs? Y3930 X9 Y4/ "48E16.B/%0%
1 24012 ePb(0=0) g EQUATIONoT292T( V=) ) ot/ 0,2(0[0g])(0=0),
2 TPOSTTIVE g1 (0=0) o8 |0y]) ) (=) g tNFGATIVFe)2(0=0) odafo)
3/790X RONTS RASEDN NN ¥198/01 Y,8F16.R/90X ROOYS RASEN ON Y2¢/9 1,48
4 EV1R,B/710% BONTS AASFD ON Y39/0 ,RE16,8/%0X RDOTS BASED ON_Y&9v/
b ¢ YYAF1H,R)

(o e L R Dl bl drdedatal b et L L LR L L DL L LAl el k-t

€ CHFrK ALL X AND Y VALUES IN PRTIRINAL SYSTFM OF CONICS

NO 130 L=1e? ,
DO 120 I=1+4 ‘ e
NO 116 Js1,e2
DO 115 K=12 . e e
IF(IRFALIY(T)) BT, 1, 060)00 Y0 115 .
GO TO(1085110) 5L
108 ReJeKaTol)Z828X (JoKoT) #8D6B2EX (JakoT) ¢C2¥X (JaKaTI#Y (1) 4N28Y (1) 0
1 E28Y(T)%824F2 e
6D 10 115 '
110 9(J0K9Y92)-A3°X(JgKyI)““2~ﬂ3“R(JyK91)OCB“X(J:Ktll’IJI)¢03°Y(I)°
1 F38Y(T1)®8PF3
115 CONTINUE T
114 COMTINUE
120 CONTINUF _ e .
130 CONTINUF
WRITE(IDE3UGs4)R . e e
4 FOPMAT(103ESTIUAL ARRAY1,4(/% V5BE16,A))
(=-e=ecccsscccmnencncnsacman e S
C SO2T OUT EXTRANEOUS RONTS
(eeememmcecrcccscocenamanaan o e
138 L=0
DO 160 J=1le4 o e e e
N 180 f=1e7
DO 1640 K=1e2 S
TE(CDAASIR(TaladsK) ) oLTo1.N=10160 TO 1640
GD TO 180 . e e e e
1640 CONTINUE
L=Lel VU e e
TF(LeLF.4)G0 TO 150 »
WRTTE(1DUT145) .
145 FORMAT (¢02STMUL: MORF THAN FOUR RONTS FOUND?)
sT0?
150 Iyv(L)=Y
SNNIIRENE T et e et e
180 CONTINUE .
160 CONTINUF ) . .
LLL=L
D2 200 L=1y6 e L
XX ALY =CTINFIN '
IF(LWeGT.LLLIGD TO 190 e e,
XXALO=X(ITTIL)Y o Yo 0dd (L)) ]
60 TO 200 . e
190 Y(L)=CINFIN v
200 CONTINUE ) _ S
WRTITE(TNEAUG220) XX Y
220 FORMAT(91S0RTED ROOTS: XX/Y092(/% 148F16.8)) e et e
WRITE(TNEAUGY240) TTT s JJJ
260 FORMAT('OTIT AND JJJ VALUES . FOR B(IT1a)leJJdsK)9/e 809111580402/ .
1 ¢ JJd=2e612)
RET JRN .
END
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" SURROUTINE' GANDC (N9BsCoDeF e X19X20X39X6)

aaNnc 7 paTE = 75187

TMPLICTT COMPLEX®16(A=Gy0=2) .
COMPLEX®L s8]

NDATA 1/(0.N0e1.,N0)/eCINFIN/{1,NT0+1,D70)/
GD T0(30920210¢5) 4N

€ QJARTIC . U

5

A ((4,N08CAE=(RBS2BF) =DasP) /2.00)
Al=(C®({R®)=49,00%E)/6.00) == _. . e e
A== ((Ca®3)/27,.N0)
AzheAlend e
RA=CDSNRT ((A®e?) ¢ ((RED=4 NNBF=((res?)/3,D0))a83)/27,0n0)
Az=8
CaLl CHRRT (AasQAR)
PSTaR=RaD=4 ,DO*F~C#C/3,D0
RYz=PSTAR/(3,N0%R)
Rz (ReR1+(C/3,NM))
PzCISIRT((R282/4.N0)=CeR)
PQ="DSORT (0,250NN%Rs42=F)
A92=,5N0838R=")
PPN2=2,n0npPepy . e
IF(CDARS (aR2=PPQ2) AT, CNAAS(AR2+PPR2))PR==PQ
PP=(CNARS(P)) ’
Cal CULATING THE ZFROS

Al=(1oNe0,0)
R1=(R/2,0DN) P

Cl=(R/2,D0)+P) .
X1={=21+CISART (Al e82=4, WOGAI“CI))/(Z DOGAI)
X?2=(=H1=CISART(R1442=64,NN"AL1RC1))/(2.DN02A1)
R1=(B/2,00) =P
Cl=(R/?2,DN) =P}
X3z (=R1¢CISART(R]1282=4,0N08A12C1) )/ (2.N08A1)
A6z (=R1=CISART{AL1882=4,NNCALECL)) /(2eNORAL)
RET RN

¢ CuriC

10

COMTINDIFE

P=C=(R#82/3,00)
GaN={REC/I,NN) s ((P,NNOHRA3} /2T, DND)
Z1==(0/27,00) + (CNSART ((Une2/4,00) ¢ (P#23/27,00)))
722=(3/?2:30) = (CNSORT((N882/6,ND0) ¢ (P223/2T7,N00)))
1F(CDARS(2]) ,5F ., CNARS(72))7=71

T8 ({20aRS{Z2) . HF . CRARS (L1 2=122
IF(NDARS(Z) LFQ, 0,0)X1==(R/3.N0)
TF(CDARS(7) .FDa N,0)X2==(R/3.N0)
TF(CDARS{Z) LEQe N,0)X3==(R/3,N0)
TE(ODARG(7) .F9. D.OIRFTURN
AAR={0,NnN0,0.,DN)

CalL CURRT(Zo3RReR])
Rz=(P/(3,708R11))
Hlz=(o&N0) e ((F.NOR,S8) /P, NN)*]
WP=={,8N0)=( (3, N0%e,5) /P ,NN)*]
X1==(R/3,70)+1 R
X2==(R3/3.00) w1 2R+ W22k

AA=w (3/370) s WP #R] s W]l ¢k

Xe="INFIN

RET JRA

C QJADRATIC

en

Al=z=,5%n
R=CISART(Alee2=C)
Xl=zalew
AP=p)l =P

=CINFIN
X6=CINFIN
RETJRN

C LINFAR

k1

Xl==H
X2=CINFIN
X3=CINFIN
X6zCINFIN
RET URN
)
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\N TV 6

990

.o Hla=(As+R) /2,00 _

LEVEL

. COMPLEX®#15. Ce(CC

CUBRY NATE

SURINUTING CU3RT(AAIRRIRRA)
TMPLICTIT COMPLEX*16(A=G90=7)
RFAL®RHHIAGHIIoHTH

REAL#8PT 95855 . T
COMPLEX#]18]

CONTINUE e et e e

I1=(0e01.)
11=1 PP}

= 75157

AEDC-TR-76-39

11/58/7640

Z1=4A4RR
72=AA=RR

IF(CDARS(22) .GF. CNDABS(Z1))A=Z2
IF (CDARS(Z1). .GF. CNARS(72))A=Z1 __

R=NCONJG(a)

H1Rz=1%(A=R) /2,00
HTH=DATANZ (H139H1AY . .

H=(HlA##20oH]IR#2) 48,500
PI1=3,14155265358979300 __. . .. __

5855=3.D0

RR=(H*# (1.00/3.D01)%¢( ncnsthTHoirlpl)¢2,Donpr)/SsSS)olal DSIN((HT

M (11 1)22, DO°PI)/§§§S)))
RETJRN

END

21 " T nREAL NATE

11758740

FUNETION “REALNCE)

REAL®B N(2)DIEAL
EQUIVALENCE (CeD(1))

c=Cc
DREA&L=N(1)

RETURN
END e e e

AN TV G LEVEL 2] T oniMag T patE

75157

11/58/40

FUNCTIAN IIMAGITI)
COMPLEX®16 ToTT

REAL#HE N(2) sDTMAG
FOUTVALENCE (TeN(1))

I=11
NDIMAG=N(2)

RETJRN
[l
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"o

NOMENCLATURE
Area
Solution weighting parameter, Eq. (25)
Momentum correction coefficient in wall crossflow model, Eq. (7)
Flap correction coefficient in the flap flow model, Eq. (8)
Weight used in computing test section pressure, Eq. (10)
Arrays of coefficients in the small perturbation equations
Computational error
Function
Flow coefficient, as in k¢ and ky
Mach number
Steady, asymptotic test section Mach number

Mass flow rate

Convenient quantity with units of mass flow rate defined as
v Petg A

,’ R Im t
R TCtO :

Nondimensional mass flow rate defined as 1—1 .m , Eq. (B-3)
mg

Nondimensional mass flow rate defined as m/m¢, Eq. (B-1)

Convenient quantity with units of mass flow rate defined as
Y Pe
- — A
R r_“TC ct

Iteration number

Pressure

Nondimensional pressure, P/P,
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SUBSCRIPTS

ct

AEDC-TR-76-39

Perfect gas constant

Temperature

Time

Midpoint of a time interval

Final time in an area time curve

Volume, as in Vp or Vi

Scratch variable used to develop small perturbation expansion, Eq. (27)

Variables in numerical reversion procedure (Fig. 10)

y+1

AL

< 2 >'r-1 7Y, Eqgs. (4) and (5)

Constant defined as
v+ 1 R
Ratio of specific heats

Flap gap

Array of small perturbations of the variables from the exact solution
(Table A-1)

Perturbation in the main valve area
Perturbation in the flap area

Perturbation in the plenum exhaust valve area
Density

Porosity, percent of test section wall area drilled out to allow crossflow

Charge condition
Charge tube (or supply tube)
Diffuser end of test section

Main tunnel exit, main valves
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1

SUPERSCRIPT

Flaps

Array index

Maximum value as in Ape. .,

Nozzle end of test section

Plenum

Plenum exhaust

Plenum - Test Section

Test section, as in Py or A

Test section wall, as in A¢sw, the total wall area
Test section wall, as in Ay, the effective flow area
Stagnation condition

Test value in numerical reversion (Fig. 10)

Sonic conditions
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